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PREFACE. 


In  tlie  summer  of  1889  the  writer  erected  two  forc- 
ing houses  for  the  ]\fichigan  State  Experiment  Station. 
They  were  designed  to  be  experimental  in  tlieir  construc- 
tion, and  afforded  means  for  a  comparative  test  of  vai'i- 
ous  methods  of  building,  glazing  and  A'entilating,  and  of 
the  relative  merits  of  steam  and  hot  water  for  green- 
house heating.  When  the  houses  had  been  used  one 
season,  a  bulletin  was  issued,  in  which  the  construction 
was  described,  and  the  merits  or  demerits  of  the  methods 
used  were  pointed  out.  During  the  winter  a  test  of  the 
heating  systems  was  made,  and  the  results  were  given  in 
the  same  bulletin.  The  report  was  widely  distributed, 
and  was  copied  in  full  by  many  horticultural  and  engi- 
neering periodicals,  while  others  gave  it  favorable  notices, 
which  led  hundreds  of  prospective  builders  of  green- 
houses, in  all  parts  of  the  country,  to  aj^jily  for  copies, 
and  made  a  second  edition  necessary.  From  nearly 
every  State  in  the  Union  came  letters,  asking  advice 
upon  various  points  in  greenliousc  construction  and 
heating,  all  of  which  indicated,  not  only  that  there  was 
a  widespread  desire  for  information  on  these  subjects, 
but  that  the  sources  of  information  were  quite  limited. 

At  the  request  of  the  publishers,  the  preparation  of 
this  book  was  undertaken,  and  the  attempt  has  been 
made  to  present  the  best  methods  of  greenhouse  con- 
struction. 

Although  with  fifteen  years'  experience  in  green- 
house management  and  a  large  experience  in  greenhouse 
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construction,  all  of  which  has  been  in  connection  with 
the  agricultural  colleges  of  various  states,  where  there 
was  an  cxcUcnt  opjiortunity  of  testing  the  diiferent 
wrinkles  in  construction  that  have  been,  from  time  to 
time,  brought  out,  the  writer  has  availed  himself  of 
varions  ojiportunitics,  during  the  past  three  years,  to 
visit  the  loading  floral  and  vegetable  growing  establish- 
ments of  more  than  a  dozen  large  cities,  between  Boston 
und  St.  Louis,  and  has  made  a  careful  study  of  the 
methods  employed.  Many  of  the  leading  florists  have 
submitted  their  ideas,  either  in  personal  interviews  or 
by  corresjiondence,  and  from  the  pages  of  the  American 
Gardening,  American  Florist,  Gardening,  American 
Agriculturist ,  and  other  periodicals,  mnch  useful  infor- 
mation has  been  obtained. 

Some  of  the  firms  that  are  engaged  in  the  building 
jind  heating  of  greenhouses  have  been  in  business  for 
many  years,  and  have  had  a  wide  experience.  From 
them,  too,  many  valuable  points  have  been  received,  and 
it  is  to  their  kindness  that  we  are  indebted  for  the  illus- 
trations of  the  exteriors  and  interiors  of  some  of  the 
most  noted  houses  in  the  country. 

The  information  here  presented  has,  therefore,  come 
to  us  from  a  variety  of  reliable  sources,  and,  instead  of 
bfiing  the  author,  the  writer  can  only  claim  to  be  the 
editor  of  this  collaborative  book. 

With  the  multitude  of  persons  who  liave  aided  us  in 
its  preparative,  it  is  impossible  to  render  acknowledg- 
ment to  them  individually,  but  to  each  and  all  are 
extended  the  hearty  thanks  of 

L.  R  TAFT. 

AGRICULTURAL   COLLEGE,  MiCH. 
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chapte::  i. 

HISTORY   OF   GREEXHOUSES. 


It  is  known  that  the  old  Romans  were  able  to  secure 
fresh  fruits  and  vegetables,  for  their  banquets,  the  year 
round,  by  both  retarding  and  accelerating  their  growth. 
As  an  indication  of  their  skill,  it  is  said  that  they  even 
forced  the  cucumber.  They  possessed  no  elaborate 
structures  for  this  i)urpose,  but  grew  them  in  pits  cov- 
ered with  large  slabs  of  talc.  Heat  was  obtained  from 
decomposing  manure,  and  by  means  of  hot  air  flues. 
They  are  believed  to  have  had  peach  and  grape  housei*, 
and  it  is  claimod  by  some,  that  hot  water  in  bronze  pip^s 
was  used  to  warm  them. 

In  modern  times  the  structures  have  undergoufe  a 
gradual  development,  from  houses  containing  no  glass 
whatever,  to  the  forcing  house  of  to-day,  which  is 
nearly  ninety-five  per  cent,  of  glass.  The  first  house  of 
which  we  have  any  record,  was  built  by  Solomon  de 
Cans,  at  Heidelberg,  Germany,  about  1C19.  It  was 
used  to  shelter  over  four  hundred  orange  trees  planted  in 
tlie  ground,  during  the  winter,  and  consisted  of  wooden 
shutters  placed  over  a  span  roof  framework,  so  as  to 
form  the  walls  and  roof.  It  was  warmed  by  means  of 
four  large  furnaces,  and  ventilated  by  opening  small 
shutters  in  the  sides  and  roof.  In  the  spring  the  frame- 
work was  taken  down.     This  structure,  iu  size,  com- 
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pared  well  witli  the  greenhouses  of  to-day,  as  it  was  two 
luuidred  and  eighty  feet  long  and  thirty-two  feet  wide. 
On  account  of  the  expense  of  putting  up  and  taking 
down  this  framework,  and  of  keeping  it  in  repair,  it 
was  replaced  by  a  structure  of  freestone.  This  had  an 
opaque  roof,  and  the  openings  in  the  sides  were  closed 
with  shutters  during  the  winter.  In  1684  Ray  describes 
a  glass  house  (Fig.  1)  used  in  the  Apothecaries'  Gardenj 


FIG.  1.       ENGLISH   GREENHOUSE   OF  17TH   CENTURY. 

Chelsea,  England,  which  evidently  was  quite  similar  to 
the  one  at  Heidelberg,  except  that  it  had  glass  windows 
in  the  side  walls ;  the  roof,  however,  was  opaque.  It 
was  not  until  171?  that  glass  roofs  were  used,  and  from 
that  time,  for  one  hundred  years,  few  improvements 
were  made. 

During  the  first  part  of  the  present  cjntury  consid 
arable  attention  was  giv<?n  to  the  slope  of  the  roof,  and 
in  1815  the  hemispherical  form  was  first  used.  Before 
the  use  of  glass  for  the  roof  liecame  common,  tlie  green- 
houses often  oceu[)ied  tlie  flz'st  floor  of  two-story  struc- 
tures, while  the  soeotul  fl:)or  nns  occupied  by  the  gar- 
dener as  a  rosi'lence,  or  was  usoO  as  a  storeroom. 

Tlic  earlier  greenhouses  of  thjs  country  were  not 
unlike  those  used  in  Europe  during  tho  mghteentb  cen- 
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turj.     Ill  the  American  Florist  for  Feb.  15,  1887,  is 
the  descripHon  and  fii;ui-e  of  what  is  supposed  to  be  the 


FIG.    2.       FIRST   AMERICAN    GREENHOUSE. 

first  American  grfienliousc  (Fig  2),  it  having  been 
erected  in  New  York,  in  17G4,  for  James  Beekman. 
Although  the  structures  were  less  elaborate,  the  Ameri- 
can builders  took  up  and  utilized  any  improvements  in 
construction  and  heating  that  were  brought  out  in 
Eur'v^■^ 

In  Huvey's  Majavine  of  Horticulture,  for  January 

1836,  is  a  description  of  a 
model  greenhouse,  erected 
by  ]\Ir.   Sweetser,  of  Cam- 
bridgeport,,    Mass.      From 
Fig  3,  in  which  across  sec- 
tion is   shown,   it  will   be 
seen  that  glass  Avas  used  in 
the  entire   south   slope  of 
\w  the  roof  and  in  the  south 
wall.     The  north  slo])e  of 
FIG.  3.   MODEL  GREENHOUSE  the  roof  and  the  north  wall 
OF  1S»5.  were  of  wood,     Tho  lieat- 

'.ug  system  combinca  the  flue  with  iiot  water.     The  hot 
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water  system  consisted  of  an  open  copper  kettle,  or 
heater  (/),  from  the  top  of  whicli  a  four-inch  copper 
pipe  passed  across  the  end  of  the  house,  and  then  along 
the  opposite  side,  to  a  large  copper  reservoir  (e) ;  the 
return  pipe  was  located  on  a  level,  just  beneath  the  flow, 
entering  the  boiler  near  the  bottom.  The  flue  was  car- 
ried to  one  side  until  it  reached  the  walk  (c),  And  then 
ran  under  this  to  the  other  end  of  the  house,  where  it 
was  connected  with  the  chimney  (d). 

In    the   West,    greenhouse   construction   was   more 
backward,   and  yet,   as  early  as  183G,  a  Mr.    Thomas, 


FIG.  4.       FIRST   CHICAGO    GREENHOUSE. 


according  to  the  American  Florist,  erected  oue  in  Chi- 
cago, of  which  an  illustration  is  shown  in  Fig.  4.  As 
will  be  seen  from  the  engraving,  the  three-quarter  span 
houses  had  even  then  come  into  use,  although  the  entire 
north  slope,  and  half  of  the  south  slope  of  the  roof, 
were  of  wood. 

Previous  to  1850  there  were  comparatively  few 
greenhouses  in  the  country,  and,  naturally,  there  were 
no  extensive  builders.  Among  the  first  to  engage  in  the 
business  was  Frederic  A.  Lord,  who  erected  iiis  first 
houses  m  Buffalo,  in  1855.  In  1870  he  removed  to 
Irvington,  and  in  1872  entered  Into  partnership  with 
W.  A.  Burnham,  under  the  firm  name  of  Lord  & 
Burnham.     In  1883  tlu  firm  of  Loid  &  Burnham  Oo.  waa 
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incorporated.  Tlie  earlier  houses  erected  by  this  firm 
^ere,  for  the  most  part,  m  the  curvihnear  style,  which, 
ill  a  slightly  modified  form,  is  still  used  by  them  for 
large  conservatories. 

In  1888  the  firms  of  Hitchings  &  Co.,  and  of  Thos. 
W.  Weathered's  Son?,  both  of  New  Y  >rk  City,  who  for 
many  years  had  been  engaged  in  greenhouse  heating, 
added  -lepartments  for  greenhouse  cousiruction.  Joim 
(■  ivi  iu,..ger,  of  Chicago,  is  one  of  the  best  known  build- 
ers in  the  West.  The  systems  of  construction  used  by 
the  three  first,  mentioned  firms  are  nnv  h  alike,  their 
better  houses  being  put  up  with  iron  sills,  posts,  rafters, 
purlins,  etc.,  while  the  sash  bars  are  of  cypress,  although 
many  of  their  commercial  establishments  have  no  iron 
in  their  construction. 

The  puttyle3s  glazing  systems  have  been  but  little 
used,  except  in  large  conservatories.  The  principal 
firms  controlling  them  are  the  Plenty  Horticultural 
Works  of  New  York  City,  and  A.  Edgecomb  Rendle  &  Co. 
of  Philadelphia  and  Chicago,  each  of  whom  have  been 
in  business  for  some  ten  years,  and  have  erected  a  uum- 
ber  of  large  establishments.  They  also  use  the  wooden 
sash  bars  and  putty  glazing.  Nearly  every  large  city 
has  one  or  more  dealers  in  structural  iron  work,  who  have 
taken  up  greenhouse  construction.  Most  of  them  use 
galvanized  iron,  with  or  without  a  steel  core,  for  sash 
bars.  The  use  of  iron  for  the  rafters  and  sash  bars  of 
fixed  roofs,  has  been  quite  general  in  England  for  eighty 
years,  as  its  permanency  is  there  thought  to  more  than 
counterbalance  the  extra  expense,  breakage  of  glass,  loss 
of  heat,  drip  and  leakage,  with  this  system,  as  compared 
with  wooden  supports.  In  this  country  the  winters  are 
much  more  severe,  and,  the  conditions  being  less  favor- 
able for  iron  roofs,  their  use  is  not  regarded  with  favor 
by  commercial  florists. 

We  have  no  description  of  the  furnaces  used  by  Dr. 
Caus.  ]D  his  orangery,  but  Evelyn  tells  us  that  the  Cl^^i 
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sea  greenliouse  was  heated  by  an  open  charcoal  fire  built 
m  a  hole  in  the  ground.  Later  on,  a  chimney  was  car- 
ried through  the  greenhouse,  and  this  developed  into 
the  greenhouse  flue,  which  is  still  in  use.  Although 
steam  was  tried  for  heating  greenhouses,  in  tlie  last 
quarucr  of  the  eighteenth  century,  it  was  not  much  used 
until  about  1816,  whsn,  for  twenty  years,  it  was  in  high 
livor,  but  Win  superseded  by  hot  w.iter,  which,  in  turn, 
has,  during  the  last  few  years,  been  crowded  out,  ia 
large  plants,  by  steam 


CHAPTER  II. 

DIFFERENT    FORMS    OF    GREENHOUSES. 

While  the  various  glass  struL-tures  are  generally  "dis- 
tinguished according  to  their  uses,  as  rose  liouses,  palm 
houses,  stoye  houses,  graperies,  etc.,  for  our  present  pur- 
pose it  will  be  well  to  first  consider  them  from  the  build- 
ers' standpoint,  as  lean-to,  span  roof,  three-quarter  span, 
and  curvilinear  houses.  These  names  have  been  applied 
from  the  various  shapes  that  may  be  given  to  the  houses. 
While  any  of  these  forms  of  houses  may  be  used  for  all 
purposes,  each  one  of  them  is  particularly  adapted  for 
the^  growing  of  certain  plants,  and  as  they  each  have 
their  special  advantages  and  dis  idvantages,  they  shoulJ 
have  careful  consideration. 

SPAN"    ROOF    irOUSES. 

The  form  of  glass  structure  which  has  come  to  be 
known  as  the  span  roof  is,  more  properly,  the  "even 
span,"  as  the  Ie:in-to  maybe  considered  a  "half  span" 
house,  while  we  also  have  "two-third"  and  '  three- 
quuiter  span"  houses.     The  typical  "even  span"  house 
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is  generally  from  nine  to  twelve,  or  from  eighteen  to 
twenty  feet  wide,  Avith  side  walls  from  four  to  five  feet 
high.  The  two  slopes  of  the  rocf  are  of  the  same  extent, 
and  are  arranged  at  the  same  angle,  usually  between 
thirty  and  thirty-five  degrees,  which  will  bring  the  ridge, 
in  a  house  twenty  feet  wide,  about  ten  feet  above  the 
walk,  in  a  house  with  walls  four  feet  high,  and  the  roof 
at  an  angle  of  thirty  degrees,  and  eleven  feet  higli,  when 
it  has  a  slope  of  thirty-five  degrees. 

In  a  house  of  this  size,  it  is  desirable  to  have,  at 
least,  two  rows  of  ventilating  sash,  which  may  be  on 
either  side  of  the  ridge,  or,  if  three  rows  are  used,  one 
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FIG.    5.       EVEN"    SPAN"    GREENHOUSES, 

may  be  located  at  the  ridge  and  the  others  in  the  side 
walls.  The  amount  of  ventilation  desirable  will,  of 
course,  be  determined  largely  by  the  plants  to  be  grown 
in  the  house. 

Although  less  simple  in  construction  than  the  lean-to, 
they  have  a  far  greater  variety  of  uses,  and  are  much 
more  frequently  erected.  In  fact,  nearly  all  the  houses 
C(mstructed  for  commercial  purposes,  prior  to  1885, 
were  of  what  is  known  as  the  even  span  style  (Fig.  5j 
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For  ordinary  growing  houses  for  a  commercial  florist, 
this  form  is  as  good  as  can  be  secured,  although  for 
forcing  houses  the  three-quarter  span  is  preferable.  One 
of  the  special  advantages  of  these  houses  is  that  they 
may  be  run  at  almost  any  direction  that  the  location 
may  necessitate.  ^Yith  this  form  of  roof,  the  benches 
can  be  placed  at  the  same  height,  and  the  plants  will 
still  be  near  the  glass,  while  in  other  forms  of  roof,  with 
the  same  pitch,  the  ridge  will  be  much  higher. 

The  even  span  houses  are  usually  run  north  and 
south,  as  this  not  only  brings  the  plants,  on  both  sides 
of  the  houses,  into  full  sunshine  during  a  part  of  the 
day,  but  better  than  any  other  direction,  or  any  other 
kind  of  a  house,  provides  for  a  perfect  distribution  of 
the  rays  of  light  and  heat  upon  all  sides  of  the  plants. 
For  many  purposes  the  east  and  west  arrangement,  with 
one  side  facing  the  south,  is  preferable,  as,  during  the 
four  hours  of  the  day  when  the  sun's  rays  are  most  pow- 
erful, they  strike  at  right  angles  to  the  glass,  and  are 
but  little  obstructed  by  the  sash  bars ;  while,  were  the 
houses  running  north  and  south,  more  than  half  the 
rays  would  be  cut  otf  between  eleven  and  one  o'clock, 
and,  as  this  part  of  the  day  is  particularly  valuable  in 
the  forcing  house,  this  arrangement  is  preferable  for 
them.  The  beneficial' effects,  howevci,  will  be  confined 
to  about  two-thirds  of  the  house,  on  the  side  towards 
the  sun,  while  the  other  side  will  have  much  less  sun 
than  were  it  in  a  house  running  north  and  south.  It 
designed  as  growing  houses,  this  might  not  be  objection- 
able, as  the  north  side  could  be  used  for  ferns,  violets, 
or  for  plants  at  rest,  which  do  fully  as  well  in  partial 
shade. 

The  fact  that  the  north  third  of  the  house  is  of  little 
value  for  forcing  purposes,  led,  in  part,  to  the  construc- 
tion of  the  first  forms  of  two-third  and  three-quarter 
span  houses,  which,  so  far  as  the  slope  of  the  roof  is 
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concerned,  did  not  differ  from  the  even  span,  the  only 
difference  being  that  the  back  wall  was  run  up  at  a  point 
which  cut  off  the  north  third  or  fourth  of  the  house. 
3verytlung  else  being  equal,  the  loss  of  heat  from  a  span 
roof  house  will  be  somewhat  greater  than  from  either  a 
lean-to,  or  uneven  span  house,  especially  if  it,  like  the 
others,  runs  east  and  west,  on  account  of  its  having  a 
greater  area  of  glass  upon  its  north  side.  In  the  lean-to 
there  is  no  glass  at  all  on  the  north  side,  while,  in  the 
three-quarter  span  honse,  the  glass  area  on  the  north  side 
will  only  be  one-half  as  great  as  in  the  even  span. 

The  even  span  houses  may  vary  in  width,  from  nine 
to  twenty-four  feet  outside.  For  the  narrow  houses 
only  one  walk,  situated  in  the  center,  Avith  a  beuch  on 
each  side  (Sec  Fig.  59),  is  used.  When  the  Avalk  is  two 
feet  wide  there  will  be  room  for  two  tables,  each  three  and 
one-half  feet  in  widtli.  These  widths  may  be  increased 
to  four  feet  for  the  beds,  and  two  feet  six  inches  for  the 
walk,  if  necessary,  but  twelve  feet  would  be  the  extreme 
width  that  could  be  used  with  comfort,  when  a  house 
with  a  single  walk  is  to  be  used  for  most  greenhouse 
crops,  especially  if  they  are  grown  in  pots.  When  two 
walks  are  used,  the  houses  would  need  to  be  increased 
to  a  width  of,  at  least,  sixteen  feet,  and,  for  some  pur- 
poses, may  be  as  much  as  twenty-four  feet,  which  will 
be  as  w'ide  as  will  probably  be  used  under  any  circum- 
stances. A  medium  wudth,  however,  is  preferable,  aud 
the  greatest  economy  of  space  and  comfort,  in  caring 
for  the  houses,  will  be  obtained,  when  the  houses  are 
not  less  than  eighteen  feet,  nor  more  than  twenty,  out- 
side measurement. 

While  houses  are  often  l)uilt  with  walks  as  narrovv^ 
as  eighteen  inches,  it  is  better  to  allow  two  feet,  in  com- 
mercial growing  houses,  and  in  private  houses  a  width 
of  two  and  one-half  feet  for  walks,  will  not  be  too  great. 
For  the  side  benches,  three  feet  and  six  inches  w'ill  be 
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PIG.   6.       QROUXD  PLAIf    AND    END   ELEVATION   OF    RIDGE 
AND    FURROW    HOUSES. 
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found  a  conveuieut  width,  althongli  four  feet  is  often 
used.  If  the  greatest  economy  of  space  and  convenience 
of  handling  the  plants  is  sought,  the  center  bench  should 
be  about  seven  feet  in  width.  They  are,  however,  often 
made  as  narrow  as  six  feet,  and  when  large  plants  are  to 
be  grown,  which  will  make  a  high  roof  desirable,  the 
width  of  the  house  may  be  increased  to  take  in  a 
bench  ten  or  eleven  feet  in  width 

RIDGE    AND    FUREOV,'  BOUSES. 

The  even  span  form  oi  roof  has  one  advantage  that 
is  possessed  by  no  other  (except  by  the  short  span  to  the 
south,  or  the  three-quarter  span  on  a  sidehill),  as  they 
admit  of  the  ridge  and  furrow  construction,  as  it  is  com- 
monly called.  This  should,  however,  be  distinguished 
from  the  ridge  and  furrow  form  used  in  England  by  Sir 
Joseph  Paxton  and  others,  in  which  the  roof  w^as  broken 
up  into  a  great  number  of  ridges,  and  furrows  run  up 
the  main  slope  of  the  roof. 

The  principal  gain  is  due  to  the  fact,  as  shown  in 
Fig.  6,  tuat  when,  say  five,  hmses  are  built  in  this  way, 
only  six  walls  will  be  required,  and  four  of  these  can  be 
of  light,  ch^'ap  construction,  instead  of  the  ten  well-built 
walls  that  would  be  necessary  were  the  houses  built 
separately.  Another  advantage,  which  should  not  be 
overlooked,  is  due  to  the  fact  that  there  will  be  only  one- 
fifth  as  much  exposed  wall  surface,  and  that,  when  built 
thus  close  together,  one  house  on  each  side  will  protect 
the  others  from  the  high,  cold  winds  that  come  from 
that  direction.  There  will  also  be  a  considerable  savins 
in  space,  which  will  l)e  worth  considerable,  esjiecially  in 
cities. 

Among  the  disadvantages  of  the  ridgo  and  furrow 
style  of  houses,  is  the  shading  of  the  center  houses  dur- 
ing the  morning  and  afternoon,  by  those  on  either  side, 
by  which,  especially  in  the  case  of  wide,  high  houses. 
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much  liglit  rtud  beat  is  shut  off ;  also  the  fact  that  when 
houses  are  built  in  this  way,  side  light  and  side  ventila- 
tion cannot  be  secured.  While  this  is  not  even  desira- 
ble for  some  crops,  for  others  it  is  quite  necessary,  and 
whether  crops  are  to  be  selected  that  are  adapted  to  the 
houses,  or  houses  are  to  be  erected  that  are  to  be  suited  to 
the  growing  of  certain  crops,  this  should  be  understood. 
It  may  be  laid  down  as  a  rule  that,  aside  from  the 
economy  of  erection,  heating,  etc.,  better  results  will  be 
obtained  from  wide  houses,  if  they  are  built  with  inter- 
vals of,  at  least,  fifteen  feet  between  them ;  but  when 
the  erection  of  the  extra  walls,  and  the  increase  in  fuel 
and  land  are  considered,  for  the  ordinary  florist,  even 
span  houses,  of  a  width  of  twenty  feet  or  less,  should  be 
erected  upon  this  phin,  unless  other  special  reasons  might 
exist.  In  sections  where  the  snowfall  is  heavy,  the  gut- 
ters will  become  filled,  and,  as  the  snow  cannot  slide 
from  the  roof,  with  lonar  houses,  nnless  they  are  narrow, 
and  only  built  with  throe  houses  in  a  section,  to  allow  of 
the  snow  being  thrown  over  the  roofs  of  the  side  houses, 
this  will  be  a  serious  objection  to  the  plan.  For  the 
growing  of  small  bedding  })lants,  mignonette,  helio- 
trope, carnations,  and  for  propagating  houses,  this 
form  of  construction,  with  houses  twelve  feet  wide,  will 
be  quite  satisfactory.  Of  course,  any  plants  can  be 
grown  in  them,  but  a  wider  house  seems  preferable  for 
roses,  carnations,  lettuce,  and  for  most  forcing  crops, 
particularly  as  the  amount  of  air  enclosed  is  greater  in 
proportion  to  the  amount  of  exposed  glass  surface,  on 
whicli  account  tlie  tenii)orature  can  be  easier  regulated, 
and  drafts  of  air  prevented. 

THE    LEAN-TO    HOUSE. 

Wlien  it  is  desirable  thai  the  first  cost  shall  be  as 
Bmall  as  possible,  and  if  the  expense  for  fuel,  rather  than 
the  croj)s  grown  in  the  house,  is  considered,  the  leau-to 
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form,  particularly  if  the  structure  is  to  De  a  small  one, 
will  be  found  of  value.  A71  idea  of  the  shape  of  the 
house,  and  the  reason  for  the  name,  can  be  obtained 
from  Pig.  7.  If  the  house  can  be  built  against  the 
SQuth  wall  of  a  building,  or  against  a  steep  sidehill, 
these  will  be  additional  reasons,  as  affecting  the  cost  of 
erection  and  heating,  for  using  this  form  of  construction. 
On  the  other  hand,  this  shape  for  a  greenhouse  has,  per- 


FIG.  7.     LEAN-TO  HOUSE  {Cross  Section). 

haps,  more  and  greater  objections  than  any  other.  On* 
serious  fault  is  that  for  three  hours  in  the  forenoon,  an^ 
an  equal  period  in  the  afternoon,  the  plants  get  little  oi 
no  direct  sunlight ;  another  objection  is  that  the  lighi 
that  they  do  get,  coming  all  from  the  south  side,  is  unc 
qually  distributed  upon  the  plants,  and  the  leaves  are  all 
turned  in  that  direction,  thus  giving  the  plants  an  uneven 
appearance. 

As  grape  or  peach  houses,  the  lean-to  construction 
answers  very  well,  and.  where  one  has  a  wall  that  can  be 
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utilized,  the  expense  for  biilding  and  heating  will  Lg 
very  small.  A  lean-to,  with  its  roof  slo{)ing  to  the  north, 
answers  very  well  as  a  propagating  house.  One  of  the 
simplest  ways  of  building  one  is  to  place  it  against  the 
north  wall  of  a  three-quarter  span  house,  or  by  building 
an  even  span  house  twenty-five  feet  wide,  and  cutting 
off  six  and  ou3-half  feet  on  the  north  side,  thus  forming, 
on  one  si/ie,  wluit  is  known  as  a  north  side  propagating 
house  (See  Fig  Gl),  and  on  t!ie  other  a  three-quarter 
span  forcing  house.  As  a  small  house  for  an  amateur, 
quite  satisfactory  j'esults  can  bo  obtained  from  a  lean-to. 
but  a  span  roof  house  is  to  be  preferi'ed. 

For  the  forcing  of  vegetables,  the  growers  of  lettuce 
at  Arlington,  Mass.,  and  vicitiity,  use  wide  houses  con- 
structed on  the  le.m-to  plan  (See  Fig.  83),  and  they  give 
excellent  satisfaction.  As  a  rule,  lean-to  houses  are 
built  with  a  wall  from  four  to  six  feet  high,  and  with  a 
roof  of  a  width  hi  proportioji  to  the  width  of  the  house; 
but  they  are  sometimes  builb  quite  narrow,  with  a  low 
wall,  just  high  enough  to  allow  of  bottom  ventilation, 
from  Avhicli  the  side  sash  rises  at  an  angle  of  from  forty- 
five  to  sixty  degrees,  to  a  height  of  eight  or  nine  feet, 
with  a  narrow  ventilator  connecting  the  top  with  the 
back  wall.  A  good  idea  of  the  form  of  this  house  can 
be  obtained  from  Fig.  97.  The  principal  use  of  a  nar- 
row lean-to  of  this  kind,  would  be  aa  a  cold  grajie  or 
peach  house. 

In  a  general  way,  the  construction  cf  a  lean-to  house 
would  be  the  same  as  of  half  of  a  span  roof  house,  and, 
so  far  as  the  building  of  these  houses  is  concerned,  tliey 
will  be  treated  under  the  same  headings,  and  will  receive 
no  further  consideration  as  distinct  houses. 

SIDEHILL   HOUSES. 

A  modified  form  of  lean-to,  which  combines  its 
advantages  with  those  of  the  three-ciuarter  span  house. 
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is  sometimes  known  as  the  sidehill  house.  W.  C. 
Strong,  of  Massachusetts,  erected  a  house  of  this  kind  at 
Brighton,  and  was  well  pleased  with  it.  Other  smaller 
houses  have  since  been  erected,  and,  for  vegetable  forc- 
ing, have  given  excellent  satisfaction.  A  good  idea  of 
the  construction  of  the  houses  can  be  obtained  from 
Fig.  8.  They  should  be  located  upon  a  hillside  which 
has  a  slope  towards  the  south  of  about  twenty-five  de- 
grees. Each  section  should  consist  of  a  Ican-to  structure 
of  any  desired  width,  from  ten  to  twenty-five  feet.  The 
south  wall  is  built  the  same  as  for  any  greenhouse,  and, 
for  a  structure  fifteen  feet  wide,  posts  should  be  placed 


FIG.  8.      SIDEHILL  HOUSES  {SecHon), 

in  the  ground,  as  at  a,  for  the  north  wall ;  a  gutter 
should  be  placed  upon  them,  and  this  will  answer  for 
the  south  gutter  of  the  adjoining  house.  The  sash  bars 
should  be  laid  at  the  same  angle  as  the  slope  of  the  hill, 
against  a  ridge,  g,  which  should  be  about  two  by  four 
inches,  as  should  the  sides  of  the  gutters,  e. 

The  ridge  is  supported  by  braces  about  two  by  four 
inches,  which  are  placed  at  intervals  of  two  and  one-half 
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feet,  as  is  sliown  at  7i.  The  ventilators,  the  construction 
of  "which  is  shown  at  d,  are  of  wood,  and  will  be  found 
convenient  to  walk  upon  in  removing  the  snow  and 
making  repairs,  otherwise  they  could  be  of  glass,  if  pre- 
ferred. The  benches  may  be  arranged  as  is  most  con- 
venient, the  method  shown  in  Fig.  8  being  an  excellent 
one.  The  heating  pipes  may  be  arranged  along  the  sides 
of  the  walks,  but  should  be  so  distributed  that  the  lower 
houses  will  have  their  share  of  the  heat. 

In  Europe,  houses  of  this  form  are  very  commonly 
nsed,  and  vegetables  of  all  kinds  are  grown  out  of  season, 
in  much  the  same  way  as  in  the  open  air.  Hundreds 
and  thousands  of  acres  are  thus  covered  with  glass,  and 
the  profits  of  a  quarter  of  an  acre  are  sometimes  more 
than  from  the  best  hundred  acres  used  in  general  farming. 


CHAPTER  III. 

THREE-QUAETER    SPAN    HOUSES. 

As  previously  stated,  the  first  form  of  three-quarter 
span  house  was  the  same  as  three-quarters  of  an  even 
span  structure,  but  the  shape  of  the  roof  has  been 
somewhat  modified,  so  that  the  plants  will  be  nearer  the 
glass.  The  cost  of  building  these  houses  is  about  the 
same  as  for  an  even  span,  but  owing  to  the  fact  that  the 
north  wall  is  from  six  to  eight  feet  high,  there  will  be 
less  loss  of  heat  from  the  north  side  of  the  roof,  and  the 
south  pitch  of  the  roof  will  take  in  more  of  the  light 
and  heat  rays,  than  would  be  the  case  with  a  span  roof 
house. 

The  three-quarter  span  houses  may  be  likened  to  a 
lean-to  house  with  the  peak  of  the  roof  cut  off.  In  the 
lean-to  the  heat  tends  to  rise  into  the  angle  of  the  roo^ 
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and  hence  is  not  evenly  distributed,  but  in  the  three- 
quarter  and  even  span  honses  there  is  less  trouble  fronj 
this.  The  three-quarter  span  houses  always  run  east 
and  west,  and  the  north  slope  of  the  roof  allows  the  light 
to  fall  on  the  plants  from  all  sides,  so  that  the  growth  of 
the  plants  will  be  stronger  and  more  symmetrical.  It  is 
itlie  south  slope  that  is  principally  relied  upon  to  trap 
the  light  and  heat  of  the  sun,  and  the  angle  at  which 
the  glass  is  arranged  is  that  which  will  be  nearest  at 
right  angles  to  the  sun's  rays  during  the  winter  months. 
This  form  of  house  is  particularly  adapted  to  the 
forcing  of  roses,  and  of  all  other  plants  that  need  a  max- 
imum amount  of  light  for  their  development.     In  Fig.  9 


FIG.  9.      THREE-QUARTER    SPAZsT   HOUSE  [SecHftn). 

wall  be  seen  the  usual  form  of  forcing  house  of  the  three* 
quarter  span  style.  For  adapting  it  to  different  crops, 
the  height  of  the  walls,  the  slope  and  length  of  the  sash 
bars,  and  the  width  and  height  of  the  benches,  can  be 
varied  at  pleasure.  As  a  general  rule,  the  three-quarter 
span  houses  are  from  sixteen  to  twenty  feet  wide ;  the 
south  wall  is  from  four  to  five  feet  high,  and  the  north 
one  from  six  to  eight  feet.     The  south  pitch  of  the  roof 
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varies  from  twenty-six  to  thirty-five  degrees,  and  tlit 
nortli  one  from  thirty-five  to  sixty-five  degrees. 

The  side  benches  are  each  about  three  feet  wide, 
and  are  placed  about  one  and  one-lialf  feet  below  the 
plates.  The  center  bench  may  be  single  (Fig.  63),  with 
a  slope  to  the  south,  or  double,  as  shown  in  Y'ls.  9,  with 
a  narrow  walk  between  tlie  two  parts.  This  style  ol 
house  is  also  largely  used  for  lettuce  forcing,  and  foi 
this  purpose  the  Avidth  i.3  s  )metinies  increased  to  thirty^ 
five  feet. 

CURVILINEAR    ROOFS. 

In  this  construction  the  sash  bars  are  more  or  less 
curved,  witb  the  idi'a  that,  at  all  times  of  the  day,  some 
of  the  glass  will  l>e  at  right  angles  to  the  sun's  rays. 
This,  of  course,  is  secured,  but  the  result  of  the  curved 
sash  bars  is  t;)  decrease  the  angle  at  which  the  rays  strike 
a  majority  of  the  i)anes,  so  that,  after  all,  the  curvilinear 
construction  is  an  injury,  rather  than  a  benefit.  The 
old  style  of  curved  roof  had  the  sash  bars  lenving  the 
plate  in  nearly  a  vertical  direction,  and  with  most  of  the 
curve  in  the  lower  third  of  the  roof.  As  a  result,  the 
upper  half  of  the  roof  approached  the  horizontal,  and 
made  a  very  small  angle  with  the  sun's  rays,  especially 
during  the  winter.  The  present  form  of  curvilinear 
roof  has  a  more  regular  curve,  and,  as  shown  in  Fig.  10, 
is  less  objectionable.  Whatever  the  material  used,  the 
cost  of  the  framework  for  a  curvilinear  house  is  consid- 
erably more  than  for  a  straight  roofed  house.  If,  for 
glazing  the  roof,  glass  bent  to  the  proper  angle  is  used, 
the  cost  will  be  much  more  than  for  straight  cflass. 
Ordinary  sheet  glass  can,  of  course,  be  used  upon  curvi- 
linear roofs,  but,  especially  upon  the  old  form  of  roof, 
(;onii)aratively  short  panes  must  be  used. 

To  many  persons  the  curve  is  a  *'line  of  beauty," 
and  a  curvilinear  house  has  a  more  ornate  and  finished 
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appearance  than  one  with  straight  sash  bars  and,  in  pri« 
vate  and  public  parks,  where  the  increased  cost  is  not 
considered  an  objection,  and  wliere  the  liouses  would  be 
an  ornamental  feature  of  the  landscape,  curvilinear 
houses  have  their  place.  This  form  of  roof  is  also  quite 
desirable  for  large  conservatories,  although  a  roof  made 
with  straight  sash  bars  can  be  so  broken  up  as  to  relieve 
it  of  any  barn-like  appearance.  The  curvilinear  con- 
struction can  be  used  in  lean-to,  even  span,  or  three- 
quarter  span  houses,  but  for  the  reasons  given  is  not 
particularly  desirable  in  any  form  of  low,  narroAV  houses, 
and,  in  fact,  it  is  generally  admitted  that  better  plants 
can  be  grown  in  houses  with  straight  sash  bars. 

Some  twenty  years  ago  the  curved  construction  was 
In  very  common  use  in  England,  but  the  general  verdict 
seems  to  be  expressed  by  a  writer,*  who  says,  "Taken 
as  a  whole,  circular  work  may,  in  a  few  exceptional 
instances,  be  introduced  to  obtain  an  architectural  result, 
or  in  molding  the  lines  of  a  large  winter  garden  or  mag- 
nificent palm  house,  but  for  ordinary  growing  purposes, 
we  may  consider  curvilinear  roofs  not  so  suitable  as  those 
composed  of  straight  lines."  As  a  result  of  this  belief, 
the  curved  roofs  are  no  longer  in  favor,  and  few  such 
are  being  erected  to-day. 

•Fawkes,  Horticultural  Buildings,  P.  54. 


CHAPTER  IV. 

LOCATION    AND   AURANGEMEKT. 

When  erected  in  connection  with  some  other  build- 
ing, the  aspect  and  slope  cannot  always  be  regulated  ; 
but',  if  possible,  greenhouses  for  most  purposes  should 
be_on  the  south  sMe,  sojhat  no  rays  from  either  east  or 
west  will  be  cut  off.  For  a  lean-to  or  a  three-quarter 
span  house  the  wall  or  building  against  which  they  are 
erected  should  run  east  and  west,  and  an  even  span  house 
should,  in  this  case,  run  north  and  south,  with  its  north 
end  against  the  other  structure. 

For  the  location   of  detached  houses,  if  thorough 
drainage  can  be  secured,  a  level  spot  is  not  objectionable  ; 
while,  if  it  is  at  the  top  o^  a  south  and  westerly  slope, 
all  the  better,  as  there  the  sun  can  get  in  extra  hours  at 
both  ends  of  the  day.     In  case  the  land  on  the  most 
available  site  is  not  level,  it  should  be  graded,  in  case  it 
can  be  done  without  too  great  expense.     A  slope  of  per- 
haps one  or  two  inches  in  fifty  feet,  to  _carry  off  the 
water  from  the  gutters,  is  not  objectionable,  and,  while 
it  is  preferable  that  each    house  should  be   practically 
level,  if  the  land  selected  cannot  be  readily  graded  so  as 
to  bring  all  of  the  houses  upon  the  same  level,  there  will 
be  no  serious  objection  to  having  the  houses  ranged,  one 
above  the  other,  in  regular  tiers.     For  sidchill  houses  a 
decided   slope   is  necessary.      In  locating  the   houses, 
means  of  thorough  drainage,  particularly  for  the  boiler 
room,  should  be  the  first  desideratum.     In  arranging  a 
group  of  houses,  the  width  and   height  of  the  different 
structures,  and  the  shape  of  the  roofs,  will  have  much 
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to  do  in  determining  tliek  exact  location.  Unless 
arranged  in  ridge  and  furrow  style,  a  space  of  twelve  or 
fifteen  feet  between  the  houses  is  desirable.  The  lean-to 
and  three-quarter  span  houses  may  be  placed  in  parallel 
lines  running  east  and  west,  and  the  even  sj)an  houses 
may  run  in  either  direction.  Besides  having  them  so 
located  as  not  to  shade  one  another,  to  pi'event  side  ven- 
tilation, or,  if  desirable,  driving  between  them  with  a 
horse  and  cart,  they  should  be  as  near  together  as  is  pos- 
sible, in  order  to  save  land,  and  for  convenience  and 
economy  in  heating  and  operating  the  houses. 

The  convenience  of  arrangement  assists,  to  a  won- 
derful extent,  in  the  performance  of  the  greenhouse 
work.  The  potting  and  workrooms  should  be  centrally 
located,  well  lighted,  and  in  every  way  convenient  for 
the  w^ork,  and  in  commercial  establishments  the  packing- 
room  should  be  so  situated  as  to  facilitate  getting  up  the 
orders.  In  retail  establishments,  when  the  salesroom  is 
in  connection  with  the  greenhouse,  it  should  be  conven- 
iently located  for  the  customers,  and  should  be  fitted  up 
with  counter,  glass  show  cases,  refrigerator  and  other 
necessary  furniture.  Fig.  76.  If  properly  arranged,  with 
the  wire  designs  upon  wall  hooks,  the  baskets  and  simi- 
lar supplies  in  glass  cases,  in  fact,  with  a  place  for  every- 
thing, and  everything  in  its  place,  the  salesroom  will  be 
attractive  to  customers  and  visitors,  while  its  conven- 
ience, and  the  arrangements  for  jireserving  the  flowers 
ind  stipplies,  will  soon  repay  all  expense.  AVe  believe 
the  above  equipment  to  be  almost  a  necessity  in  a  prop- 
erly conducted  business,  and  if  there  is  a  large  retail 
trade  at  the  greenhouse,  some  attempt  at  decoration, 
both  in  the  salesroom,  and  in  one  house  to  be  used  in 
whole  or  in  part  as  a  showroom,  cannot  fail  to  attract 
visitors,  and  this  Avill  increase  the  trade. 

In  lociiting  the  various  workrooms  for  a  large  estab- 
lishment, it  is  well  to  have  them  m  the  center,  with  the 
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houses  running  out  from  both  sides,  east  and  west.  A 
similar  arrangement  for  the  heating  plant  is  also  desira- 
ble; thus,  rather  than  have  the  boiler  room  at  one  end 
iiFalong  range  of  houses,  the  boiler  house  could  be 
placed  in  the  center,  and  houses  of  half  the  length 
arranged  on  each  side,  and  better  results  obtained.  A 
^ery  convenient  arrangement  for  the  heating  j^lant  is^ 
*hown  in  an  engraving  of  F.  R.  Pierson's  range  of  rose 
flouses,  in  Chapter  Twenty-two,  in  which  four  houses, 
each  one  hundred  and  fifty  feet  long,  are  snpphed  from 
a  boiler  house  so  located  that  the  extreme  ends  of  the 
houses  are  but  little  more  than  one  hundred  and  fifty 
feet  awry,  instead  of  being  over  three  hundred  feet,  as 
would  be  the  case  were  the  boilers  located  at  the  end  of 
bhe  range.  Of  course,  with  houses  of  one  hundred  to 
one  hundred  and  fifty  feet,  such  an  arrangement  would 
not  be  desirable.  In  many  establishments  it  would  be 
convenient  to  widen  the  connecting  passage-way,  and 
use  it  for  potting,  packing  and  like  purposes.  For  a  rose 
forcing  house,  the  potting  and  packing  rooms  need  not 
be  as  large  nor  as  centrally  located  as  for  an  ordinary 
commercial  establishment.  In  large  private  establish- 
ments, the  palm  house  is  generally  the  central  figure, 
around  which  the  others  are  grouped.  For  a  small 
range  the  one  shown  in  Fig.  100  is  well  planned,  while 
tb»t  in  Fig.  106  has  as  many  merits  as  a  large  one. 


CHAPTER  V. 

GEEENHOUSE    WALLS. 

In  erecting  greenhouses,  too  little  attention  is  usu- 
ally paid  to  the  construction  of  the  walls.  Not  only 
should  their  durability  be  secured,  but  the  heaving  by 
the  frost,  and  the  lateral  pressure  of  the  roof,  should  be 
guarded  against.  Owing  to  a  lack  of  foresight  regarding 
some  of  these  points,  one  seldom  sees  a  greenhouse  with 
five  years'  service  that  is  in  a  satisfactory  condition. 
Greenhouse  walls  are  constructed  of  wood,  brick,  stone 
or  grout,  or  of  a  combination  of  two  of  these  materials. 
Each  of  these  methods  of  construction  has  its  advocates, 
but  each  of  them  has  some  disadvantages. 

MASONRY  WALLS. 

The  use  of  stone  or  grout  (cement,  sand  and  cobble- 
stones), for  the  construction  of  the  foundation  of  brick 
walls,  is  very  common,  and,  as  they  make  a  durable  wall, 
would,  no  doubt,  be  hu'gely  used  for  the  walls  up  to 
the  plates,  were  it  not  that  they  are  rapid  conductors  of 
heat.  In  small  greenhouses,  where  the  grade  can  be 
carried  up  to  the  plate,  so  that  none  of  the  wall  is  ex- 
posed to  the  outside  air,  they  make  excellent  walls. 

The  excavation  should  be  to  a  depth  of  three  feeii; 
below  the  proposed  outside  grade  level,  and  of  a  width 
to  admit  of  a  fifteen  or  eighteen  inch  footing  course. 
This  should  occupy  the  trench  uji  to  the  level  of  the  . 
interior  of  the  house,  at  auy  rate,  and  even  if  brick  oi 
other  material  is  used  for  the  upper  part  of  the  wall, 
may  extend  to  the  level  of  the  ground  outside,  which  is 
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often  from  two  to  five  feet  above  that  of  the  interior. 
Stone  conducts  heat  quite  rapidly,  and  for  that  reason 
will  not  be  desirable  as  a  Avail  above  ground,  unless  made 
very  thick.  This  objection  does  not  hold  to  the  same 
extent  with  grout,  and  where  small  stones  can  be  readily 
obtained,  it  makes  a  cheap  and  very  durable  wall.  Foi 
a  house  not  over  twenty-five  feet  wide,  and  when  less 
than  five  feet  in  height,  a  wall  of 
grout  twelve  inches  thick  will  answen 
This  should  rest  on  an  eighteen  inch 
footing  course  of  the  same  material. 
The  materials  required  are,  stones 
from  two  to  four  inches  in  diameter, 
gravel,  and  water  lime,  of  Louisville 
or  a  similar  brand. 

In  making  the  wall,  a  box  of  the 
desired  width  is  made  by  driving 
stakes  along  the  line  of  the  wall,  on 
each  side,  and  setting  uj)  twelve  inch 
planks  for  the  sides  of  the  box.  In 
this  a  layer  of  stones  is  placed,  which 
should  be  packed  in  carefully,  and 
kept,  at  least,  one-half  inch  away 
from  the  ])lanks.  The  cement  is  then 
jirepared  by  thoroughly  mixing  one 
part  with  three  parts  of  gravel,  and 
then  adding  water  enough  to  thor- 
oughly moisten  it.  The  best  results 
are  detained,  if  it  is  of  about  the  same 
consistency  as  ordinary  lime  mortar.  The  water  should 
not  be  added  until  the  cement  has  been  mixed  with  the 
gravel.  A  layer  of  cement  from  two  to  three  inches 
thick,  over  the  stones,  will  be  sufficient ;  this  should  be 
well  tamped  down,  filling  all  of  the  space  between  the 
stones.  Another  layer  of  stones  and  cement  can  then  be 
added,  and  the  process  repeated  until  the  box  is  filled. 


FIG.    11. 
GROUT  "WALL. 
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requiring  tibout  three  layers.  One  wall  of  the  house  can 
be  built  at  a  time,  although  if  jilanks  are  at  hand  it  will 
be  well  to  allow  o]ic  wall  to  set  while  a  course  is  being 
put  in  on  anotucr.  After  the  grout  has  been  setting  for 
live  or  six  hours,  the  jilanks  can  be  raised  their  ov;ii 
T/idth,  and  the  box  v/ill  tluis  be  jn'cpared  for  another 
course.  In  this  way  a  wall  of  any  desired  height  can  be 
built,  Y.liich  will  be  found  quite 
durable  and  in  every  way  satisfac- 
tory. The  appearance  of  the  Avail 
can  be  improved  if,  after  the  last 
course  h.as  been  put  on,  the  ex- 
posed surface  is  given  a  thin  coat 
of  Portland  cement  mortar.  If 
desired,  the  surface  can  bo  laid  off 
into  squares,  resembling  blocks  of 
sandstone.  The  appearance  of  a 
wall  built  entirely  of  grout  is 
;  hown  in  Fig.  11,  while  Fig.  12 
sliows  a  Avail  half  grout  and  half 
Avood. 

r.IlICK    AA^ALLS. 

Unless  the  very  best  materials 
are  used  in  their  construction,  the 
greenhouse  Avails  constructed  of 
brick  will  be  comparatively  short- 
GKOUT  Ai,L)  lived,  as  the  combined  action  of 
AVOUDEX  AVALL.  moisturc  and  frost  will  disinte 
grate  the  mortar,  and  cause  the  outer  tier  of  bricks  to 
crumble.  Hard  burned  bricks  should  be  selected,  and 
tho  best  Louisville,  or,  better  yet.  Portland  cement  mor- 
tar, should  be  used.  Whatever  the  thickness  of  tho 
wall,  there  should  be,  at  least,  one  air  space,  to  prevent 
radiation  of  heat.  This  will  also  tend  to  render  the  wall 
fljore  durable,  by  preventing  the  capillary  passage  of  the 
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moisture.  For  all  low  walls,  two  tiers  of  brick,  with  a 
one -inch  air  space,  making  a  nine-inch  wall,  will  answer  ; 
these  should  be  firmly  tied  together  every  fourth  course 
vertically,  and  every  tliree  or  four  bricks  along  the  walls, 
Fig.  13.  A  post  once  in  eight  feet  will  strengthen  the 
wall,  and  prevent  tlie  jilates  from  spreading.  For  heavy 
or  wide  structures,  or  if  the  wall  is  high,  a  third  tier  of 
bricks  on  the  inside,  one-half,  or, 
perhaps,  two-thirds  the  height  of  the 
wall,  will  serve  to  strengthen  it. 
Fig.  14  shows  the  construction  of 
such  a  wall,  as  used  Avith  an  iron  sill. 

AVOODEX    WALLS. 

Probably  nine-tenths  of  the 
present  greenhouses  are  constructed 
with  wiiat  might  be  called  post  and 
board  walls.  In  their  erection,  the 
posts  used  should  be  of  some  durable 
material,  such  as  red  cedar,  locus* 
or  cypress,  and  the  size  should  vary 
from  four  by  four  inches  for  low 
walls  and  narrow  houses,  to  six  by 
six  inches  for  high  walls  and  wide 
houses.  The  posts  siiould  be  seven 
to  eight  feet  in  length,  except  on  the 
back  side  of  three  -  qinirter  span 
houses,  where  a  length  of  ten  or 
twelve  feet  will  be  necessary,  which 
will  allow  of  their  being  set  three 
feet  in  the  ground .  for  the  front  wall,  and  four  feet  for 
the  rear  one.  The  posts  should  be  placed  in  a  straight 
line,  about  four  feet  apart,  and  unless  the  ground  is 
quite  firm  and  solid,  it  is  well  to  place  a  flat  stone  under 
the  post,  and  fill  up  tlic  hole  around  't  with  grout.  This 
will  not  only  hold  tlie  post  firmly  in  place,  but  it  will 
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BRICK    WALL   "WITH 

WOODEN    SILL. 
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have  a  tendency  to  preserve  it.  The  durability  of  the 
posts  can  also  be  increased  by  charring  the  lower  end, 
and  then  soaking  it  in  crude  petroleum.  A  coat  of  coal 
tar  would  be  better  than  the  petroleum,  but  it  should 
never  be  used  about  a  greenhouse,  as  it  will  be  injurious 
to  the  plants. 

The  posts  should  then  be  sheathed  upon  the  outside, 
5or  which  purpose  a  fair  grade  of  matched  lumber  is 


riG.    14.       BRICK    WALL  "WITH    IRON   SILL. 

desirable,  although  any  kind  of  culled  lumber  will  answer 
(Fig.  15).  It  will  always  pay  to  cover  tlie  sheathing 
with  some  kind  of  heavy  building  paper,  avoiding  all 
brands  that  contain  tar.  For  the  outer  covering  the 
novelty  or  patent  siding  will  be  found  preferable  to  ordi- 
nary clapboards.     For  rose  and  stove  houses  it  may  pay. 
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in  exposed  localities,  to  ceil  iTp  the  jDosts  on  tlie  Inside ; 
but  if  this  is  done  it  will  be  best  not  to  pack  the  enclosed 
space  with  sawdust  or  similar  material.  This  course 
was  recommended  for  many  years,  but,  in  practice,  it 
was  found  that  the  packing  absorbed 
moisture  and  cansed  a  rapid  decay  of  the 
wall.  In  ceiling  up  the  inside  of  the 
posts,  tight  joints  should  be  made,  that 
will  exclude  mice ;  otherwise,  the  en- 
closed space  may  become  a  harboring 
place  for  them,  and  thus  prove  a  greater 
injury  than  benefit.  When  used  for 
growing  roses  and  other  tall  plants,  that 
require  the  bed  to  be  situated  at  least  two 
feet  below  the  plate,  it  is  well  to  have  a 
row  of  sash  in  each  of  the  side  walls  (Fig. 
16).  If  houses  run  east  and  w'est,  a  row 
along  the  south  side  will  answer,  although 
one  on  the  north  side  will  be  of  advant- 
age ;  in  north  and  south  houses  the  sash 
jhould  be  placed  in  both  sides.  In  nar- 
row houses  they  may  be  fastened  perma- 
nently, but,  if  the  houses  are  wide,  it  will  fig.  15. 
be  advisable  to  have,  at  least,  a  part  of  ^'OODEN  wall. 
them  on  hinges,  so  that  they  can  be  opened  if  found 
necessary  (Fig.  50). 


PLATES   and    gutters. 

The  wall  plates  may  be  placed  level,  on  the  top  of 
the  walls,  as  in  Fig.  12,  or  they  may  be  at  the  same 
angle  as  the  roof.  As  a  rule,  two-inch  lumber  is  heavy 
enough,  although  if  a  gutter  is  desired  for  catching  the 
roof-water,  strips  may  be  nailed  to  it,  as  sliown  in  Fig. 
12.  Another  method  of  arranging  tlie  gutter  is  shown 
in  Fig.  16.  Whichever  method  is  chosen,  the  posts, 
where  wooden  walls  are  used,  should  all  be  cut  off  at 
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the  same  angle,  and  the  plate  securely  fastened  in  place. 
The  arrangement  shown  in  Fig  IG  is  the  neatest  and 
best,  and  the  same  form  of  jilate,  without  the  gutter, 
can  be  used  when  one  does  not  desire  the  latter.  The 
form  illustrated  in  Fig.  12  will  be  a  cheap  and  satisfac- 
tory method  of  arranging  the  gutter,  while  that  shown 
in  Fig.  15  is,  perhaps,  the  cheapest  and  easiest  way  of 
making  a  plate  when  a  gutter  is  not 
desired.  "When  tlie  under  side  of 
the  plate  is  level  there  should  be  a 
small  groove  near  each  edge,  to  pre- 
vent the  water  from  working  back 
into,  or  down  the  wall. 

In   some  cases  a   wooden  wall 
built  in  exactly  the  same  way  as  the 
wall  of  a  dwelling  house,  is  preferred 
to  the  "post  and  board"  wall.     For 
this  a  foundation  of  stone,  bricjv  or 
grout,    extending    to     the    outside 
grade  line,  is  necessary,  and  an  ex- 
cellent plan  is  to  have  two,  or  even 
three  feet   of   the   wall    below   this 
level,  with  a  correspond.! ng  excava- 
tion for  the  house,  necessitiiting  the 
1:1? .St^  erection   of   a   wooden    wall    of   the 
same  height  above.     In  this  way  the 
FIG.   IG.      WOODEN"  exposed  surface  is  greatly  reduced, 
WALL  WITH   GLASS  and  a  durable  j;nd  warm  wall  will  be 
SIDE.  Eccured.       The    sill    for    this    wall 

should  be  two  by  four-inch  scantling,  with  studding  of 
the  same  size,  placed  two  feet  apart.  The  sides  and  top 
can  be  arranged  in  the  same  manner  as  when  posts  are 
used  (Fig.  12).  If  there  is  danger  of  hiteral  pressure, 
the  sills  should  be  securely  anchored  to  the  foundation. 
This  form  of  wall  is  principally  desirable  for  narrow 
houses,  and  where  side  ventilation  is  not  needed. 


IKON     POSTS    AND     SILLS. 
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IRON"    POSTS   AND    SILLS. 

Although  wood  is  now  almost  universally  used  in 
the  construction  of  commercial  houses,  many  of  the 
more  enterprising  liorists  are  employing  iron  and  steel 
in  such  portions  of  the  house  as  do  not  form  a  j^art  of 
the  extei'ior,  particularly  for 
posts,  sills,  purlins  and  ridge. 

One  of  the  simplest  and 
best  arrangements  of  tliis 
kind  Avas  used  by  Lord  & 
Burnham  Co.,  in  tl:e  con- 
struction of  a  range  of  ros3 
houses  for  F.  E.  Pierson,  at 
Scarborough,  N.  Y.  (For 
views  and  sections  of  these 
houses  see  Figs.  78  and  79.) 
The  posts  and  rafters  on  each 
side  were  made  from  one 
piece  of  four  by  one-half  inch 
bar  iron,  bent  at  the  gutter- 
line,  so  that  when  the  lower 
end  was  vertical,  to  form  tl)e 
post,  the  other  would  be  at 
the  i)roper  angle  for  the  raf- 
ter. The  post  end  Avas  ])laced 
in  an  excavation  three  feet 
deep,  resting  on  a  flat  stone,  riG.  17.  ikon  post  ani> 
and  the  hole  was  filled  up  siLL,  avitu  side  venti- 
with  grout.     The  upper  end  LATION. 

of  the  rafter  was  securely  bolted  to  its  companion  from 
the  other  side,  by  means  of  an  iron  bracket.  In  some 
cases  an  iron  ridge  of  the  same  size  of  the  rafters  is  used, 
to  which  the  rafters  are  fastened  by  means  of  angle 
brackets. 

The  wall  may  be  constructed  in  various  ways,  one  of 
which,  illut-tratcd  in  Fig.  9,  will  answer  well  for  rose 


32  GREENHOUSE    CONSTRIJCTIOK". 

houses.  If  desired,  the  entire  wall  beneath  the  plate 
may  be  of  wood,  although  the  glass  will  generally  be 
found  desirable.  It  will  be  noticed  that  the  wooden  por- 
tions of  the  wall  are  bolted  to  the  posts  by  means  of 
small  iron  lugs  (Fig.  17). 

The  form  of  post  used  by  Hitchings  &  Co.  is  rather 
more  elaborate  and  ornamental  than  the  above.  It  con- 
sists of  a  cast  iron  post  base  below  ground,  to  which  the 
T  iron  wall  post  is  bolted.  The  rafter  is  then  bolted  to 
the  top  of  the  wall  post  by  means  of  an  ornamental  iron 
bracket.  In  the  more  elaborate  conservatories,  with  a 
brick  or  masonry  wall,  an  iron  sill.  Fig.  17,  is  used  (a 
similar  sill  of  iron  can  also  be  used  upon  the  top  of  a 
wooden  jDOst  if  desired),  to  which  the  lower  end  of  the 
rafters  is  fastened  by  iron  lugs. 

This  IS  the  best  form  of  construction  now  in  use, 
and  when  ready  capital  is  at  hand  for  the  erection  ot 
good  houses,  it  will  be  found  most  economical  in  the 
end.  As  a  second  choice,  one  of  the  forms  of  iron  posts^ 
with  a  wall  of  wood,  could  be  used.  Even  if  the  wooden 
wall  does  decay,  the  posts,  rafters  and  purlins  will  still 
remain,  forming  a  stifP  and  firm  framework,  which  would 
still  support  the  superstructure.  As  a  rule,  the  board 
at  the  bottom  will  decay  first,  and  if  this  is  so  put  in 
that  it  can  be  easily  taken  out  and  renewed,  the  wall  can 
be  kei)t  in  repair  for  a  long  series  of  years  at  a  small 
expense. 


CHAPTER  VI. 

CONSTRUCTION    OF   THE   ROOF. 

The  portion  of  the  house  to  which  the  most  atteii' 
tion  is  paid,  are  the  strips  supporting  the  glass.  There 
are  dozens  of  patent  sash  hars,  and  methods  of  glazing, 
and  yet  the  old  wooden  sash  bar  is  still  preferred  by  the 
commercial  florist,  while  the  sash  bars  m  some  of  the 
best  modern  houses  are  identical  in  size  and  shape  with 
those  in  use  thirty  years  ago.  Although  the  glazing 
should  be  so  tight  that  no  water  can  pass  through  into 
the  house,  there  will  be  more  or  less  condensed  moisture 
on  the  under  side  of  the  glass,  and  to  prevent  drip  as 
much  as  possible,  it  is  well  to  have  them  with  drip  gut- 
ters on  each  side.  Some  florists,  however,  prefer  not  to 
have  them. 

Ordinary  white  pine  makes  a  good  sasn  bar,  and,  \i 
kept  well  painted,  aviII  be  found  quite  durable.  The 
southern  cypress,  however,  is  generally  preferred.  It  is 
straight  grained,  rather  more  durable  than  Avhite  pine 
under  the  best  of  care,  and  much  more  so  if  they  are 
neglected.  Cypress  is  also  stronger  and  stiffer  than 
white  pine,  and  the  sash  bars  can  be  made  rather  smallet 
on  that  account.  For  use  with  lapped  glass,  the  best 
form  of  sash  bar,  if  drip  gutters  are  wanted,  is  shown  at 
Fig.  18,  while,  if  the  drip  gutters  are  not  desired,  a  good 
form  is  shown  in  Fig.  19.  When  glass  from  fourteen  to 
eighteen  inches  wide  is  used,  the  roof  sash  bars  should 
be  from  one  and  one-eighth  by  two  inches  to  one  and 
one-fourth  by  two  and  one-half  inches,  according  to  the 
distance  between  the  purlins.  The  rabbets  for  the  glass 
3  3.S 
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should  be  about  half  an  inch  deep  and  five-sixteenths  of 
an  inch  wide.  The  vertical  sash  bars  for  the  sides  and 
ends  should  be  about  one  and  one-eighth  by  one  and 


FIG.    18.        SASH    BAR  WITH 

DRIP   GUTTERS  {Section). 


FIG.    19.       PLAIN"  SASH 

BAR  (Section). 


seven-eighths  inches,  the  rabbet  being  of  the  same  size 
as  for  the  roof  sash  bars.  For  butted  glass,  whether  used 
with  or  without  glazing  strips,  either  of  the  above  forms 


iiu.  ;.U.        FW.    '^i.  FIG.  '^2. 

SASH  BARS  FOR  BUTTED  GLASS. 

(Figs.  18  and  19)  may  be  used.  The  patterns  shown  in 
Figs.  20,  21  and  22  are,  however,  preferable  for  this  kind 
of  glazing.  The  sash  bars  (1)  there  shown  are  practically 
alike,  and  the  difference  lies  principally  in  the  form  of 


PORTABLE   ROOF. 
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the  caps  (2),  those  shown  in  Figs.  20  and  21  being,  per- 
haps, preferable.  In  Fig.  23  is  shonn  a  form  of  sash 
bar  without  drip  gutters,  for  use  with  butted  glass. 

As  a  rule,  the  luniher  working  factories  do  not  have 
macliinery  for  working  (sticking)  the  drip  grooves,  and 
it  will  be  necessary  to  obtain  them  from  some  firm  deal- 
ing in  green- 
house material. 
There  are  several 
large  concerns 
who  deal  in  cy- 
press, and  fu: 
nish  everythin_ 
required  in  the 
construction,  in- 
cluding gutters, 
ridge,  plates, 
rafters,  sash 
bars,  ventilating 
sash,  doors,  etc*, 
all  cut  ready  to  ^^^-  23.  plain  sash  bar  for  but- 
put  together.  ^ed  CxLASS  {Section), 

This  will  be  a  great  help  to  the  small  florist,  as  he  can 
secure  his  lumber  of  standard  shapes  and  si?es,  with 
plans  that  will  enable  any  carpenter  to  put  it  together. 

PORTABLE    ROOF. 

An  old  plan  of  construction  is  to  make  a  framework 
for  the  roof,  with  two  by  six  inch  rafters  and  a  heavy 
ridge  board  (Fig.  24),  Tlie  roof  is  covered  with  movable 
sash,  snnilar  to  hotbed  sash,  from  three  by  six  to  four 
by  eight  feet  in  size.  If  the  house  is  narrow,  one  sash 
on  each  side  will  cover  it.  The  sashes  may  be  screwed  to 
the  plate  and  ridge,  and  thus  make  a  tight  roof.  To  se- 
cure ventilation,  some  of  the  sash  may  be  hinged,  either  at 
the  top,  bottom,  or  sides,  or  they  may  be  provided  with 
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stops  that  will  liold  one  end  in  place,  while  the  other  is 
raised  (see  hotbed  Fiq-.  85). 

Ill  wider  houses,  in  which  tl>e  rafters  measure  more 
than  eight  feet  in  length,  the  space  between  the  top  of 
tlie  sasli  and  the  ridge  may  be  covered  with  a  smaller 
sash,  the  lower  edge  of  wliich  laps  down  uj)on  tlie  large 
snsh  beneath.  Where  two  rows  of  sash  are  used  in  this 
way,  it  is  customary  to  have  all  of  the  upper  row  liung 
on  hinges  (Fig.  2-1),  althougli  if  they  are  very  large,  not 
more  than  every  tliird  one  will  bo  required  for  ventilat- 
ing purposes,  and  the  others  can  be  screwed  down.     One 


PIG.    24.       GREENHOUSE   WITH    PORTABLE   ROOF. 

great  objection  to  this  kind  of  a  house  is  that  the  rafters 
obstruct  the  light  and  heat,  and  as  the  glass  used  for  the 
glazing  of  the  sash  is  generally  quite  small,  the  sash  bars 
and  the  sash  frame  will  also  be  a  serious  impediment. 
Where  only  one  row  of  sash  on  a  side  is  required,  this 
trouble  can,  in  a  measure,  be  avoided,  by  dispensing 
with  the  rafters  and  fastening  the  sash  to  the  ridge. 

This  form  of  a  roof  is  desirable  wlien  the  houses  are 
of  a  temporary  nature,  and,  to  a  certain  extent,  for 
houses  in  whicli  crops  are  forced  during  a  part  of  the 
winter  only,  as  in  growing  hybrid  perpetual  roses.     As 
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..  rule,  howerer,  this  style  of  house  is  not  only  more 
expensive  to  build,  but,  for  the  reasons  given,  it  is  less 
desirable  than  houses  built  with 

PERMANENT    SASII    BARS. 

While,  many  houses  are  built  without  rafters,  the 
sash  bars  being  all  of  one  size,  the  usual  forcing  house 
coristruction  is  to  have  every  fifth  sasli  bar  of  the  nature 
of  a  rafter,  either  two  by  four  inches,  or,  in  large  houses, 
two  by  five  inches.  The  ventilators  are  then  placed  in  a 
continuous  row  on  one,  or  both  sides  of  the  ridge,  occu- 
pying a  space  from  fifteen  to  thirty  inches  in  width, 
each  sash  extending  from  one  rafter  to  the  next.  When 
this  construction  is  used,  a  two  by  four-inch  header  Is 
mortised  into  the  rafters  just  under  the  lower  edge  of 
the  yentilator,  and  the  sash  bars  are  fitted  into  this, 
at  their  upj)er  end,  the  lower  end  being  nailed  to  the 
wall  plate. 

Another  method  of  arranging  the  sash  bars  with  a 
continuous  line  of  ventilators,  is  to  have  all  of  the  sash- 
bars  run  from  ridge  to  plate,  tluis  dispensing  with  the 
heavy  light-obstructing  rafters,  with  short  headers 
between  the  sash  bars,  instead  of  the  long  ones  between 
the  rafters.  These  short  headers  should  be  grooved  to 
receive  the  glass  on  the  lower  side.  The  bars  in  the  ven- 
tilators should  be  arranged  directly  over  the  sash  bars, 
but  even  then,  this  method  of  construction  is  often 
objected  to,  as  obstructing  too  much  light  at  the  ridge. 
This  fault  can,  in  a  measure,  be  overcome  by  cutting  off 
every  other  sash  bar,  and  supporting  the  headers  between 
those  that  remain. 

A  modified  form  of  the  rafter  construction  restricts 
the  ventilators  to  half  the  length  of  the  ridge,  and 
admits  of  sash  bars  running  from  ridge  to  plate  in  the 
remaining  sections.  One  of  the  simplest  methods  of 
construction  is  to  cover  the  entire  roof  with  gash  bars. 
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and  then  cutting  ofE  every  eiglitli  sash  har  four  leel 
from  the  ridge,  and  inserting  a  grooved  header  to  sup- 
port it.  This  will  jirovide  for  a  ventilating  sash  two  to 
ihree  feet  wide,  by  four  feet  long,  every  eight  or  ten 
feet,  according  to  the  size  of  glass  used. 

RIDGE. 

The  ridge  should  be  of  either  one  and  one-half  or 
two-inch  stulf,  and  from  six  to  eight  inches  deep,  accord- 
ing to  the  size  of  the  house  and  of  the  sash  bars. 
It  should  have  a  groove  for  the  glass  on  one  side,  in  case 
there  is  but  one  line  of  ventilators,  or  on  both  sides  if 
the  ventilators  are  not  continuous.  The  arrangement  of 
the  ridge  is  shown  in  Fig.  25.  The  ridge  may  be  sur- 
mounted by  a  cap,  and,  particularly  if  the  building  is  a 
conservatory,  an  ornamental  cresting,  with  finials  at  the 
extremities,  should  be  added.  Even  in  case  of  commer- 
cial houses,  their  attractiveness  is  so  much  increased  by 
the  addition  of  some  simjile  forms  of  scroll  finials,  as 
shown  in  Fig.  5,  that  the  exjiense  should  not  be  consid- 
ered extravagant. 

DETAILS    FOR    ROOF. 

From  Fig.  25  the  details  for  the  construction  of  an 
even  span  house  eighteen  feet  wide  can  be  obtained,  and, 
with  slight  modification,  they  can  be  used  for  any  other 
form.  In  addition  to  an  end  view  of  the  house,  the  fol- 
lowing sectiins  are  shown:  A  side  wall  with  gutter; 
wall  with  side  plate;  ridge  and  ventilator;  purlin; 
double  gutter  for  use  when  two  houses  are  built,  with  a 
wall  in  common ;  roof  sash  bar,  and  of  end  wall  showing 
gable  rafter,  end  sash  bar,  and  gixhlo  sill.  The  scale  for 
the  elevation  is  three-sixteenths  of  an  inch  to  the  foot, 
and  for  the  details  one-sixteenth  of  an  inch  to  the  inch. 

In  constructing  the  roof,  the  sash  bars  and  end 
rafterts  should  be  cut  at  such  an  angle  as  will  make  a 
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tight  joint  with  the  ridge  above  and  the  jjlate  below, 
and  then  firmly  nailed  in  place.  If  the  plates  are  placed 
at  the  same  angle  as  the  roof,  the  lower  ends  of  the  sash 
bars  should  be  let  in  to  them  about  half  an  inch.  As 
the  panes  of  glass  are  generall_y  of  scant  width,  if  the 
sash  bars  are  spaced  so  that  they  are  exactly  as  many 
inches  apart,  measuring  from  shoulder  to  shoulder,  as 
the  glass  is  supposed  to  be  wide,  a  good  fit  will  be 
obtained. 


CHAPTER  VII. 

COMBINED   WOOD    AND   IRON    CONSTRUCTION". 

The  use  of  iron  for  posts  and  rafters  has  been  re- 
ferred to,  and,  as  tlie  growing  opinion  among  greenhouse 
men  is,  that  the  quest-ion  of  durability  should  be  consid- 
ered more  than  it  has  been  in  the  past,  there  can  be  no 
question  but  that,  in  the  construction  of  greenhouses,  in 
the  future  iron  will  be  quite  largely  used. 

IRON   RAFTERS   AND    PURLINS. 

Various  methods  of  construction  are  now  in  use,  one 
of  the  best  combining  a  framework  of  iron  with  wooden 
sash  bars.  For  forcing  houses,  the  rafters  are  about 
three  by  one-half  inch,  as  shown  at  (1)  in  Fig.  26,  and 
are  surmounted  by  a  wooden  rafter  cap.  The  rafters  (2) 
are  fastened  to  each  other  and  to  the  ridge  by  iron  knees 
or  brackets  (3).  The  purlins  are  of  one  and  one-lialf  to 
two-inch  angle  iron,  and  arc  fastened  to  the  rafters  by 
means  of  iron  lugs  (4).  If  desired,  gas-pipe  purlins  can 
be  used.  With  large  glass,  and  small  sash  bars,  the  pur- 
lins should  be  quite  near  together,  but  as  the  size  of  the 
sash  bars  increases,  or  that  of  the  glass  decreases,  they  may 
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be  farther  ajiart.  While  four  feet  will  be  none  too  little, 
in  one  case,  they  may  be  as  much  as  eight  feet  in  the 
other.  When  the  ventilators  are  in  loug  rows,  either 
side  of  the  ridge,  the  upper  line  of  purlins  should  be 
under  the  lower  edge  of  the  sash,  and  should  carry  a 
wooden  header,  into  which  the  upper  ends  of  the  sash 
bars  are  mortised.  To  the  other  purlins  the  sash  bars 
are  fastened  by  means  of  wood  screws. 

When  the  distance  between  the  rafters  or  other  sup- 
ports is  not  over  six  or  seven  feet,  one-inch  gas  pipes 


PIG.     26.        DETAILS     FOR     COMBINED     IRON     AND     WOOD 

ROOF. 

will  make  quite  a  stiff  roof.  They  can  be  inserted  in 
holes  ill  wooden  rafters  when  these  are  used,  or  can  be 
held  up  by  means  of  small  castings  attached  to  iron  raf- 
ters. IVhen  the  roof  is  constructed  of  sash  bars,  without 
the  use  of  rafters,  a  continuous  line  of  pipe  supported  by 
posts,  at  intervals  of  six  feet,  will  form  a  good  purlin. 
Pig.  27  A  shows  a  gas-pij^e  purlin,  and  B  shows  the  clips 
for  attaching  the  pipes  to  the  sash  bars.  The  pipe  may 
bo  cut  in  lengths  of  six  feet,  and  screwed  into  the  tees  to 
which  the  posts  are  attached,  or,  what  is  perhaps  easier 
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to  put  up,  tlic  tecs  arc  reamed  ovit,  so  as  to  allow  the 
pipe  to  slip  through  them.  The  lengths  p^'e  screwed 
togetlier,  and,  if  desired,  can  he  used  as  Av:;ter  pipes. 
If  the  purlin  is  connected  by  screw-joints  with  one  or 
more  of  the  po^ts  on  each  sVle,  a  hose  can  he  attached, 

.  nd,  although  tlie  effect 
will  not  be  lasting,  the 
water  contained  in  the 
pipes  will  have  the  chill 
taken  off. 

When  a  pipe  purlin 
is  used,  with  supports 
more  clian  eight  feet 
via.  'Zl.  GAb  PIPE  PUivi^iN.  apart,  it  does  not  give 
cood  satisfaction,  as  it  is  more  or  less  likely  to  sag.  In 
order  to  hold  the  sash  bars  firmly  down  on  the  purlins, 
iron  clip^  can  be  u.-e.l,  v.!:ich  should  be  screwed  to,  at 
least,  cvory  other  sash  bar. 


CEKTEU    POSTS    AXD    BPtACES. 

In  narrow  h.ouscs  v.itli  a  walk  in  the  center,  no  center 
post  need  be  used,  as,  if  the  wall  posts  are  firmly  set,  and 
particularly  if  a  truss  bracket  is  used  in  the  angle  of  the 
roof  (Fig.  28),  there  will 
be  no  danger  of  its  sag- 
ging. As  the  width  of 
the  house  increases,  a 
necessity  arises  for  either 

,•  ,  .  PIG.    28.       IKON    BKACKET    FOE 

supportmg  posts  or  truss 

dROOF. 
S. 

In  wooden  houses  over  fifteen  feet  wide,  where  there 
is  no  center  walk,  it  is  necessary  to  have  a  row  of  gas- 
pipe  posts,  cither  one  inch,  or  one  and  one-fourth  inches 
in  diameter,  to  support  the  ridge  pole,  and  if  rafters  are 
more  than  eight  feet  long,  another  row  should  be  used 
to  support  them  in  the  center. 


CENTER    POSTS    AXD    BRACES. 
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"•"n  u-ifle  houses  the  ro-ws  of  supporting  po?ts  should 
be  about  six  feet  apart,  one  for  each  purlin.  When  the 
posts  would  stand  in  the  walk,  if  placed  vertically,  they 
may  be  arranged  as  braces  from  the  center  posts,  either 
as  shown  in  Fig.  20  or  in  Fig.  60.  If  the  ridge  is 
supported  ^hcre  will  be  no  danger  of  the  walls  sjireading, 
even  if  diagonal  braces  are  used. 

In  one  or  two  houses  of  recent  construction  the 
posts  have  been  used  as  legs  for  the  center  bed,  by  insert- 
ing tees,  into  whicli  the  cross  bearers  for  the   bed  are 


FIG.    29.       IROX    POSTS    AND    BRACES. 

screwed.  The  upper  ends  of  these  posts  are  fastened, 
by  means  of  top  castings,  to  wood  or  iron  rafters,  or  by 
means  of  the  tees  previously  mcnti.raed  to  the  pipe  pur- 
lins. The  lower  ciid  of  the  pot.ts  may  bo  inserted  into 
cedar  blocks,  or  rest  on  masonry  piers,  cither  upon  flat 
castings  (Fig.  14),  or  in  beds  of  cement. 

When  iron  rafters  are  used,  ])artici!hr.ly  if  there  is  a 
solid  shoulder  at  the  eaves,  or  if  the  roof  is  strengthened 
at  that  point  l)y  a  strong  angle  bracket,  there  will  be  no 
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necessity  for  supporting  posts  unless  the  house  is  rery 
wide;  but  a  truss  rod,  if  necessary,  may  be  used  to  keep 
the  roof  from  crowding  tlie  walls  out. 


CHAPTER  VIII. 

IROX   HOUSES. 

We  have,  thus  far,  only  considered  houses  con- 
structed of  wood,  or  partly  of  wood  and  iron,  but,  for 
many  years  houses  built  entirely  of  iron  and  glass  have 
been  used  in  Europe,  and  they  are  now  freqjiently  seen 
in  this  country.  In  favor  of  these  houses  it  is  claimed 
that  they  are  almost  indestructible,  and  that,  if  the  iron 
is  galvanized,  there  will  be  no  necessity  of  painting  the 
houses.  In  some  eases,  zinc  or  copper  is  used  for  the 
sash  bars,  and  the  same  claims  are  made  for  those  houses. 
For  the  most  part,  these  claims  are  true,  and,  although 
one  could  afford  to  pay  an  increased  price  for  iron  houses 
that  would  need  no  outlay  for  repairs  or  renewal,  pro- 
rided  everything  else  is  equally  desirable,  there  are  sev- 
eral serious  objections  to  iron  houses,  that  have,  for  the 
most  part,  restricted  their  use  to  large  conservatories, 
and,  even  there,  the  combined  wood  and  iron  construc- 
tion is  fairly  holding  its  own. 

The  objections  may  be  stated  as  follows :  1st.  As 
iron  is  a  rapid  conductor  of  heat,  the  amount  thus  taken 
from  the  house  by  the  iron  sash  bars  will  be,  perhaps, 
three  to  five  times  as  great  as  would  be  the  case  were 
wooden  sash  bars  of  the  same  size  used,  and  this  requires 
a  noticeable  increase  in  the  amount  of  fuel  consumed. 
Several  builders  of  iron  houses,  however,  have  so  reduced 
the  amount  of  iron  exposed  to  the  outer  air,  that,  so  far 
as  radiation  is  concerned,  there  is,  perhaps,  uo  great 
difference. 
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2d.  With  several  of  tlie  methods  of  glazing,  the 
packing  used,  although  tight  at  first,  soon  becomes 
loose,  and  allows  the  heated  air  to  escape  through  the 
^';  racks. 

3d.  Even  if  tlie  roof  is  water-tight,  there  will  he  a 
large  amount  of  water  congealed  on  the  under  side  of 
the  sash  bars  at  night,  which,  melting  as  the  heat  rises 
ill  the  morning,  causes  quite  a  shower.  Frequently,  ir 
systems  where  large  glass  is  used,  a  metallic  strip  is 
placed  between  the  panes  to  act  as  a  gutter,  to  catch  the 
moisture  condensed  on  the  glass.  If  it  works  all  right 
there  should  be  no  drip  from  the  glass,  but  they  fre- 
quently become  clogged. 

4th.  Even  if  such  is  not  the  case  in  England,  it  is 
found,  in  our  extremes  of  temperature,  that  unequal 
expansion  and  contraction  sometimes  cracks  the  lai'ge 
panes,  unless  everything  is  very  carefully  adjusted,  so 
that  there  is  more  or  less  broken  glass. 

These  objections  have  most  force  with  the  sash  bars 
Used  for  skylight  glass,  in  conservatories,  and  do  not 
hold  true  to  the  same  extent  when  used  with  smaller 
panes  in  forcing  houses.  In  conservatories,  however, 
although  the  drip  is  not  desirable,  it  does  far  less  injury 
than  in  houses  used  for  forcing  and  growing  plants,  and 
one  will  need  to  place  the  greater  durability  and  cheap- 
ness of  maintenance  of  the  metal  roofs  against  the  ac- 
knowledged increase  of  fuel  required  to  heat  the  houses. 
The  use  of  iron  sash  bars  witli  metallic  glazing,  for  com- 
imercial  forcing  houses,  has  not  become  general,  as  the 
matter  of  drip  and  of  fuel,  to  say  nothing  of  the  increased 
first  cost  of  the  houses,  are  questions  of  considerable 
•"joment  with  florists. 

METALLIC    SASH   BARS. 

Of  the  various  forms  of  sash  bars  and  methods  of 
metallic  glazing,  thfi  two  that  have  been  longest  and 
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most  extensively  used  are  the  Ilelliwell  patent  system, 
controlled  by  tlio  Plenty  Horticultural  and  Skylight 
Woi-ks,  and  those  in  the  hands  of  the  A.  E.  Rendle  Co. 

HELLIWELL    PUTTYLESS    SYSTEM. 

The  Helliwcll  system  makes  use  either  of  a  steel 
sash  bar,  as  shown  in  Fig.  30,  or  of  a  zinc  or  copper 
bar,  as  in  Fig.  31.     The  glass  is  held  in  place  by  long 
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FIG.  30.   STEEL  BAR.        FIG.  31.   ZIXC  BAR. 
HELLIWELL  PATENT  GLAZING. 

clips  of  zinc  or  cojiper,  drawn  down  upon  the  glass  by 
small  bolts.  It  is  claimed,  by  some,  that  the  zmc  bars 
are  not  stiff  enough.  The  steel  bar  does  not  have  this 
objection,  but  it  is  considerably  more  expensive.  In 
Fig.  31  the  sash  bar  is  shown,  resting  upon  a  purlin, 
t)  which  it  is  attached  by  a  bolt.  Candle  wickiug  is 
used  instead  of  putty. 

PARADIGM    PATENT   GLAZING. 

The  Paradisrm  system  of  glazing,  used  by  A.  E. 
Hcndle  Co.,  differs  |)rincipally  in  the  form  of  the  sash 
b:ir  and  in  the  f.ict  that  the  glass  is  butted.  The  sash 
')ar  is  shoAvn  at  .(,  Fig.  32.  It  is  fastened  to  the  pur- 
li:;3  by  lugs,  as  sliown  in  tlm  section.     The  glass  resta 
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npon  the  vertical  sides  of  the  sash  har,  and  is  held  m 
place  by  a  copper  cap,  D,  which  is  drawn  down  upon 
the  glass  by  a  small  bolt,  C.  The  sash  bar  serves  as  a 
gutter,  to  carry  down  to  the  j)late  any  water  that  may 
enter  between  the  cap  and  the  glass.  When  sheet  glass 
is  used,  all  that  is  necessary  is  to  put  it  in  place  and  bolt 
down  the  cap.  When  large,  rough  plate  glass  is  used, 
cross  gutters  are  inserted  betw^een  the  panes.  Directly 
beneath  the  points  where  the  panes  meet  a  section  is 
cut  out  of  the  sash  bars,  and  a  jiiece  of  co})per,  bent  as 

at  E.  is  inserted.  This 
not  only  catches  any  water 
that  enters  between  the 
panes,  but  the  condensed 
moisture  on  the  inside  of 
the  panes  is  trap])ed,  as  it 
runs  down  the  glass,  and 
iscfirried  to  the  gutter  in 
the  sash  bars.  If  desired, 
white  lead  can  be  used  m 
the  joints,  and  an  air- 
FIG.  33.  PARADIGM  GLAZIXG.  tight  roof  secured.  There 
should  be  no  sag  in  this  sash  bar,  and  it  seems  to  have 
several  features  that  are  valuable. 


GALVANIZED    IRON   SASH    BARS, 

Within  the  last  few  years,  galvanized  iron  has  come 
into  use  for  greenhouse  roofs.  The  framework  consists 
of  angle  and  T  iron,  pat  up  in  about  the  same  way  as 
when  wooden  sash  bars  are  used.  The  ridge  cap,  cor- 
nice, gutters,  and  all  exposed  parts  of  the  roof,  are  of 
galvanized  iron. 

One  of  the  simplest  forms  of  iron  sash  bars  is  shown 
in  Fig.  33.  It  is  made  and  used  in  the  erection  of 
conservatories,  by  M.  H.  Crittenden  k  Sou,  of  Minneap- 
olis,  Miuii.      As  will  be  seen,  it  much  resembles,  in 
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shape,  some  of  the  forms  of  cedar  sash  bars,  and  consists 
of  heavy  galvanized  iron,  bent  as  shown  in  tlie  illustra- 
tion. At  the  lower  edge  are  broad  dr^j  gutters,  which 
will  not  be  likel}'  to  become  clogged.  The  glass  may  be 
laid,  in  any  way  desired,  with  putty.  A  V-shaped  cap 
(3)  rests  upon  the  top  of  the  sash  bar,  and  is  held  firmly 
down  upon  the  glass  (3)  by  means  of  copper  clips  (4). 
Unless  the  i^urlins  are  placed  quite  close  together,  it 
would  seem  likely  that  the  sash  bars  would  sag,  although 
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FIG.    33.      WITHOUT  CORE.      FTG.  34    WITH  STEEL  C02V 
GALVANIZED   IRON  SASH  '^-^ftS. 

a  number  of  large  houses  are  put  up  ^o  this  way,  and  ai*«. 
said  to  be  giving  good  satisfaction. 

A  form  of  sash  bar  that  differs  from  the  above,  by 
having  a  core  of  steel  throe-sixteenths  of  an  inch  thick 
in  the  center  to  add  to  its  strength  (Fig,  34),  is  also 
used.  The  clip  holding  tlie  glass  is  drawn  down  by  a 
bolt.  This,  of  course,  is  stronger  than  the  other,  but 
the  cost  is  more.  From  the  form  and  method  of  putting 
up  these  sash  bars,  there  can  be  but  little  heat  lost,  from 
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radiation  by  the  iron,  and  as  the  gutters  seem  to  be 
arranged  to  catch  all  of  the  moisture  condensed,  there 
seems  to  be  fewer  objections  to  these  sash  bars  than  to 
almost  any  of  the  metallic  sash  bars. 


CHAPTER  IX. 

THE   PITCH    OF   THE   KOOP. 

All  plants  require  light,  in  order  to  assimilate  their 
food;  an  optimum  temperature  is  also  desirable  for  the 
proper  performance  by  the  organs  of  the  plants,  of  their 
functions.  From  the  sun  we  obtain  not  only  light  and 
heat,  but  chemical  or  actinic  rays,  whose  eifect  on  plant 
growth  IS  not  well  understood.  In  the  case  of  green- 
house plants,  the  intensity  of  the  sun's  rays  is  greatly 
modified  by  the  angle  at  which  they  strike  the  glass,  as 
well  as  by  the  thickness  and  character  of  the  glass  itself. 
It  has  been  found  that  about  twelve  per  cent,  of  the 
light  rays  are  intercepted,  in  passing  through  ordinary 
sheet  glass,  and  sixty  per  cent,  in  their  transmission 
through  opal  glass. 

This  shows  that  much  can  be  done  by  using  clear 
glass  to  prev^ent  the  interception  of  the  rays,  and  as  the 
additional  amount  that  is  lost  by  reflection  d€pei.d<s  upon 
the  angle  at  Avhich  the  rays  strike  the  glass,  ihc  caibful 
adjustment  of  the  slope  of  the  roof  si  oitid  noJ  be 
neglected. 

BEFLECTION"  AND    REFRACTION    Bl    GLASS, 

When  rays  of  light  fall  upon  sheet  glass  at  a  right 
angle,  they  pass  through  without  being  t.<irned  ir^m 
their  course,  and  there  is  no  loss,  except  from  absorp- 
tion,  which   will   Amount  to  about  tvvelve    per  cent. 
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When  they  meet  the  glass  at  an  oblique  angle,  a  portion 
of  the  rays  are  reflected,  and  the  remainder,  less  those 
lost  by  absorption,  pass  through  the  glass,  and  leave  it 
in  the  same  direction  they  had  before  entering. 

Fig.  35  illustrates  the  effect  of  a  pane  of  glass,  x  y, 
upon  rays  of  light  falling  upon  it  at  various  angles,  A 
having  ninety,  B  forty-five,  and  C  fifteen  degrees.  A 
passes  directly  through  and  emerges  with  eighty-eight 
per  cent,  of  its  original  intensity.  B,  on  meeting  the 
glass,  has  four  and  one-half  per  cent,  of  its  rays  reflected 
to  B' ;  the  balance,  on  entering  the  glass,  are  refracted, 
or  bent  from  their  course,  and,  on  leaving  the  glass. 


FIG.    35.        EFFECT     OF     GLASS     AT     DIFFERENT    ANGLES. 

"with  eighty-three  and  one-half  per  cent,  of  tlieir  first 
intensity,  are  refracted,  or  bent  back  to  their  original 
direction  at  B".  The  effect  upon  the  rays  at  C,  which 
meet  the  glass  at  an  angle  of  fifteen  degrees,  is  not 
unlike  that  upon  B,  exc&pt  that  thirty  per  cent,  of  the 
rays  are  reflected  at  C,  while  only  fifty-eight  per  cent, 
emerge  at  G".  The  refraction,  if  anything,  especially  in 
the  case  of  very  oblique  ra3's,  is  a  benefit.  The  absorp- 
tion increases  with  the  thickness  of  the  glass,  and  it  is 
evident  that  there  would  be  more  loss  were  it  obliged 
to  take  the  course  1-3  than  there  is  in  its  refracted 
course  1-2. 
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The  follow^ing  table  gives  the  amonnt  of  light  lost 
by  reflection  at  different  angles  of  incidence  : 


Angle 
(I 

Of  1 

•aj 

■60 
50 
40 

clegr 

ee.s. 

Light  lost 

2.7  per  cent. 
3.4        " 

5.7        " 

u 

30 

11.2  ••     " 

-T«-  — 

20 

09/>           If 

u 

15 

30.0         " 

« 

10 

41.2 

During  the  short  days  of  "winter,  when  the  snn  is 
only  aboA'e  the  horizon  for  loss  than  ten  hours,  as  many 
of  the  rays  should  be  trapjied  as  possible,  e-pecially  pre- 
vious to  ten  o'clock  in  the  forenoon,  and  after  two 
o'clock  in  the  afternoon.  At  the  Aviuter  solstice,  when 
the  sun  is  farthest  to  the  south,  it  rises  about  twenty- 
five  degrees  above  the  horizon  at  noon,  and  the  slope  of 
the  roof  should  be  such  that  the  amount  of  light  re- 
flected while  the  sun  is  between  the  horizon  and  the 
above  altitude,  should  be  the  least  possible. 

When  the  pitch  of  the  roof  brings  the  glass  at  an 
angle  of  twenty  degrees,  the  sun,  at  five  degrees  above 
the  horizon,  will  strike  it  at  an  angle  of  twenty-five 
degrees,  and  about  sixteen  per  cent,  of  its  rays  will  be 
reflected,  in  addition  to,  at  least,  twelve  joer  cent,  of  the 
remainder,  which  will  be  absorbed  in  passing  through 
the  glass.  Had  the  roof  been  given  a  pitch  of  thirty-five 
degrees,  the  sun  at  live  degrees  above  the  horizon  would 
strike  the  roof  at  an  angle  of  forty  degrees,  when  only 
five  and  seven-tenths  per  cent,  of  the  rays  would  be 
reflected,  or  only  about  one-third  as  many  as  were  lost 
by  reflection  when  the  roof  had  a  slope  of  twenty  degrees. 

THE    OPTIilUM    PITCH. 

It  is  evident,  from  this  comparison,  that  there 
should  be  a  slope  of,  at  least,  thirty  to  thirty-five  de- 
grees, to  the  roof,  and  that  still  better  re.'=ults  in  ti-ap- 
piug  the  rays  of  light  will  be  obtained  if  the  roof  has  a 
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slope  to  the  south  of  sixty  degrees,  or  more.  Tlie  heal 
aud  actinic  rays,  in  their  passage  through  the  glass,  ara 
subject  to  much  the  same  laws  of  reflection  and  absorp- 
tion as  those  of  light ;  and  in  the  case  of  absorption,  the 
effect  produced  by  semi-opaque  glass  is  even  greater.  In 
determining  the  proper  pitch  for  the  roof  of  a  green- 
house, in  addition  to  considering  the  rerpiirements  for 
the  transmission  of  the  sun's  rays  in  their  full  intensity, 
at  the  season  when  they  are  most  needed,  various  practi- 
cal considerations  should  be  taken  into  account,  among 
which  would  be  the  height  of  the  side  walls,  the  width 
of  the  house,  the  height  of  the  roof  above  the  plants, 
and  the  effect  upon  the  heating  of  the  houses,  as  well  as 
upon  the  drip  from  the  glass. 

It  will  at  once  be  seen  that  it  is  not  desirable  to  have 
a  roof  so  steep  as  to  greatly  increase  the  glass  area,  and, 
consequently,  enlarge  the  consumption  of  fuel;  while, 
if  it  is  understood  that  plants  grow  best  when  compart^- 
tively  near  the  glass,  it  will  be  seen  to  be  unwise,  except 
in  "short  span  to  the  south"  houses,  to  have  the  roof 
at  a  very  sharp  incline,  as  it  will  bring  the  plants  in  the 
center  of  the  house  at  a  considerable  distance  below  the 
glass.  With  flat  roofs  not  only  is  the  rain  likely  to  beat 
in  between  the  laps  of  glass,  but  the  amount  of  drip, 
from  moisture  condensed  on  the  under  side  of  the  panes, 
will  be  greatly  increased.  "When  a  roof  has  a  slope  of 
thirty  degrees  (seven  inches  in  a  foot),  or  more,  there 
will  be  no  trouble,  but  at  anything  under  twenty-six 
degrees  (six  inches  in  a  foot)  there  wull  be  more  or  less 
drip,  both  from  outside  and  inside  moisture. 

The  use  to  which  the  houses  are  to  be  put  sliould 
also  be  taken  into  account,  as  if  to  be  used  only  for  win» 
tering  over  plants,  no  growth  being  desired,  it  will  be 
economy,  both  in  construction  and  heating,  to  liave  the 
roof  as  level  as  possible,  and  as  good  results  will  be 
obtained  at  a  pitch  of  twenty-six  degrees,  as  in  a  greater 
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one.  On  the  other  hand,  for  crops  that  reauire  an 
abundance  of  light  for  their  quick  development,  the 
slope  should  not  be  less  than  thirty  degrees,  and  if  it 
can  be  secured  without  interfering  in  any  way  with  the 
usefulness  of  the  house  in  other  respects,  thirty-five 
degrees  would  be  better. 

MEASL'RING   THE   PITCH. 

The  following  table  is  given  to  show  the  angle  that 
will  be  made  by  the  sash  bars  for  various  vv^idths  of 
houses,  and  for  different  heights  of  ridge.  In  using  the 
table,  it  must  be  understood  that  the  width  is  measured 
from  the  bottom  of  the  sash  bar  to  a  point  directly  under 
the  ridge,  while  the  height  is  measured  on  a  plumb  line 
from  the  upjjer  end  of  the  rafter  to  the  level  of  the 
lower  end. 

ANGLE  OF  ROOF  FOR  DIFFEREN"    HEIGHTS  AND  WIDTHS.  l! 


Width 
Feet. 

Height — Feet                                            '■ 

4 

5 

6 

7 

8 

9 

o   / 

o    / 

o   / 

o   / 

o   / 

o    / 

6 

33  21 

39  48 

45 

49  24 

53  8 

56  18 

7 

29  44 

35  32 

40  36 

45 

48  49 

52  07 

8 

2(;  33 

32 

36  52 

41  11 

45 

48  22 

9 

23  57 

29  3 

33  5 

37  52 

41  38 

45 

10 

21  48 

26  33 

30  58 

35 

38  39 

41  59 

11 

24  26 

28  36 

32  28 

36  2 

39  17 

12 

22  57 

26  33 

30  15 

33  41 

36  52 

13 

21  2 

24  47 

28  18 

31  36 

34  42 

14 

23  12 

26  34 

29  44 

32  44 

\ 


From  the  table  it  will  be  seen  that  in  an  even  span 
house  twenty  feet  wide  (ten  feet  from  jilate  to  a  point 
plumb  with  the  ridge),  a  slope  of  about  thirty  degrees 
(30°  58')  can  be  obtained  by  raising  the  ridge  six  feet 
above  the  level  of  the  j^late  (the  distances  for  both  height 
and  width  being  measured  from  the  ends  of  the  sash 
bars),  while,  if  it  is  placed  at  a  height  of  seven  feet,  a 
slope  of  thirty-five  degrees  will  be  obtained.  In  the 
same  way,  taking  the  figures  for  the  width  from  the  ver- 
tical column  at  the  left,  and  the  height  for  the  ridge 
above  the  plate  from  the  upper  horizontal  row,  the  num- 
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ber  of  degrees  in  the  slope  of  the  roof  will  be  found 
where  the  corresponding  lines  intersect. 

SHORT   SPAN   TO   THE   SOUTH. 

The  above  remarks  apply,  for  the  most  part,  to  the 
pitch  of  the  roof  in  even  span,  or  in  three-quarter  span 
houses,  when  the  long  slope  of  thereof  is  upon  the  south 
side.  It  was  stated,  however,  that  if  a  slope  to  tha 
south  of  sixty  degrees  could  be  obtained,  more  of  the 
light  and  heat  of  the  sun  could  be  trapped.  During  the 
past  two  years  several  houses  have  been  erected  with  a 
short  span  to  the  south  and  the  long  one  to  the  north  (Fig. 
36),  differing  from  three-quarter  span  houses  turned  half 
around  only  in  having  both  walls  of  the  same  height. 
As  will  be  seen  from  the  engraving  (Fig  60),  the  houses 
are  built  with  three  walks  and  two  wide  beds,  the  north 
one  being  slightly  lower  than  the  other.  It  can  be  seen 
at  a  glance  that  the  plants  ujion  the  south  bench  are  in 
an  extremely  favorable  location,  and  can  hardly  fail  to 
do  well.  The  plants  upon  the  north  bed,  however,  are 
from  eight  to  thirteen  feet  from  the  glass  through  which 
the  sun's  rays  come,  and.  are  more  or  less  shaded  by  the 
})lants  in  the  south  bed.  In  theory,  therefore,  as  a  forc- 
ing house  this  form  seems  desirable,  so  far  as  the  south 
bench  is  concerned  ;  but  for  the  north  bench  it  does  not 
seem,  in  any  way,  preferable  to  the  even  span  house, 
except  that  the  snow  does  not  remain  upon  the  steep 
south  slope,  so  that  there  is  less  obstruction  of  light  dur- 
ing the  winter.  In  practice,  however  (which  should  be 
the  real  test),  excellent  results  are  claimed  by  Mr„ 
George  W.  Miller,  of  Hinsdale,  111.,  and  by  others  who 
have  tried  it.  As  a  summer  greenhouse  it  has  long  been 
known  that  this  form  is  a  desirable  one. 


0Hx4.PT£Il  X. 

GLASS  AND   GLAZING. 

In  no  portion  of  a  greenhouse  have  as  great  changes 
been  made,  perhajis,  as  in  the  ghiss  and  the  method  of 
setting  it.  A  comparatively  few  years  ago,  glass  as  small 
as  five  by  seven,  and  six  by  eight  inches  was  used ;  it 
was  usually  of  only  single  strength,  and  was  of  such  poor 
quality  that  the  leaves  of  the  plants  were  badly  burned 
The  panes  were  often  lapped  for  an  inch  or  more,  an(' 
the  putty  was  placed  over,  rather  than  under  the  glass. 

The  glass  most  commonly  used  to-day  is  known  as 
sheet  glass,  either  single  or  double  strength.  The  latter 
costs  somewhat  more  than  the  single  strength,  but  it  is 
less  likely  to  burn  the  plants,  and  as  it  will  stand  a 
much  border  blow%  the  breakage  from  hail  storms  and 
by  accidents  will  be  much  less,  so  that  it  will  be  cheaper 
in  the  end.  In  selecting  greenhouse  glass,  two  points 
should  be  borne  in  mind  ;  (1)  it  should  be  even  in  thick- 
ness, flat,  and  free  from  imperfections  that  would  cause 
sun  burning ;  (2)  the  glass  should  be  of  good  size. 

DIFFEKENT   GRADES    OF    GLASS. 

Glass  is  graded  as  ''Firsts,"  "Seconds,"  ''Thirds," 
*tc.,  the  quality  growing  poorer  as  the  numbers  enlarge. 
The  imperfections  in  glass  are  caused  by  air  bubbles, 
nnmelted  specks,  or  various  impurities.  As  the  glass  ia 
melted,  the  impnritics  settle  to  the  bottom,  leaving  the 
glass  at  the  top  quite  clear.  From  this  the  "Firsts"  oi 
"Bests"  are  made;  the  "Seconds"  come  from  a  layer 
just  beneath,  and  so  on   to  "Fifths'^  and  "Sixths,** 

5& 


THE  SIZE  OF  GLASS    TO   USE.  6? 

trhicli  are  of  quite  poor  quality.  The  lower  grades  are 
made  by  less  experienced  workmeu  than  the  "Firsts," 
and  not  only  are  they  more  likely  to  contain  imperfec- 
tions, but  they  are  less  even  in  thickness. 

In  the  2)ast.  "Seconds"  of  French  or  Belgian  sheet 
glass  have  been  commonly  used,  and  are  still  preferred 
by  most  buiklers,  but  American  natural  gas  glass  is  nov/ 
being  extensively  used,  and  it  can  be  said  that  the 
"Firsts"  are  fully  as  good  as  French  "Seconds,"  while 
the  American  "Seconds"  make  a  very  satisfactory  roof. 
The  grade  known  as  "A"  quality  American  glass  is  suit- 
able for  almost  any  purpose,  while  "B"  quality  will 
answer  for  many  classes  of  houses.  The  natural  gas 
glass  is  thought,  by  some,  to  be  fully  equal  to  the  same 
grades  of  European  glass. 

THE   SIZE   OF   GLASS  TO    USE. 

The  size  of  glass  has  been  on  the  increase,  until 
to-day  Ave  find  panes  twenty,  and  even  twenty-four, 
inches  wide  in  use.  While  thi''  extremely  large  glass 
makes  a  very  light  house,  well  suited  for  growing  roses 
and  lettuce,  it  is  generally  thought  that  a  smaller  size  is 
preferable.  For  width"  above  eighteen  inches  the  jirice 
rapidly  increases,  and  this  extra  cost  will  be  an  import- 
mt  question,  both  at  the  time  of  erection,  and  in  case 
of  breakage.  When  the  glass  is  to  be  butted,  square 
panes  are  preferable,  as  it  is  likely  to  have  straight  edges 
at  least  one  way.  In  sections  of  the  country  Avhere  the 
snowfall  is  heavy,  the  danger  of  loss  from  breakage 
increases  as  the  panes  are  enlarged,  and  although  twenty 
inch  glass  may  be  used  in  the  South,  eighteen  inches 
will  be  a  maximum  width  in  the  northern  states,  even 
for  forcing  houses,  while,  for  ordinary  florists*  houses, 
the  sixteen,  and  even  fourteen,  inch  glass  is  regarded  as 
the  best  to  use,  everything  being  considered. 

Unless  there  is  a  decided  change,  the  above  widths, 
in  lengths  of  from  twenty  to  twenty-four  inches,  are  the 
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ones  most  likely  to  be  used.  This  applies,  of  conrse, 
only  to  sheet  glass,  as  rough  plate  or  skylight  glass  and 
fluted  glass  may  be  used  of  a  much  larger  size. 

FLUTED   AND    ROUGH    PLATE   GLASS. 

The  fluted  glass  has,  perhaps,  a  dozen  ribs  to  the 
inch,  and  is  used,  to  some  extent,  for  large  conserva- 
tories. For  houses  of  this  kind,  built  with  metal  sash 
bars,  it  is,  perhaps,  preferable  to  either  sheet  glass  or 
rough  plate.  The  rough  plate  or  skylight  glass,  as  used 
in  greenhouses,  varies  from  one-eighth  to  one-half  an 
inch  in  thickness,  and  from  twenty-four  by  thirty-two 
to  perhaps  thirty-two  by  forty-eight  inches.  While 
well  adapted  for  palm,  and  even  for  stove  houses,  it  is 
not  desirable  for  growing  houses  of  any  kind,  as  these, 
during  the  winter,  need  all  the  light  they  can  wring 
from  the  sun. 

The  amount  of  light  and  heat  absorbed  by. glass 
varies  with  its  thickness,  as  well  as  its  clearness,  and  as 
the  fluted  and  skylight  glass  are  both  semi-opaque  and 
quite  thick,  they  will  probably  absorb  fully  half  of  the 
light  and  heat  that  enters  them,  to  say  nothing  of  what 
is  reflected,  and  tho.x  thickness,  although  of  advantage 
in  giving  them  strength,  is  an  objection  in  growing  and 
forcing  houses, 

DOUBLE    AND    SINGLE   STRENGTH. 

On  account  of  the  increased  obstruction  to  the  heat 
and  light  rays  by  the  double  strength  sheet  glass,  as 
compared  with  thin  panes,  many  prefer  the  latter  for 
rose  forcing  houses,  but  it  would  seem  that  the  am.ount 
lost  by  the  necessity  of  bringing  the  sash  bars  closer 
together  would  more  than  counterbalance  it. 

While  doubH:  strength  glass  costs  somewhat  more 
than  the  single,  the  greatly  reduced  loss  in  case  of  hail 
etorms,  and  the  fact  that  the  breakage  by  frost  and  other 
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causes  is  less  with  the  former  than  the  hitter,  make  it 
preferable.  It  is  generally  believed  that,  when  in  good 
condition,  the  danger  from  hailstorms  is  only  from  one- 
third  to  one-half  as  great.  The  reiiorts  of  the  Florists' 
Hail  Insurance  Association  show  that,  although  the 
amount  of  double  strength  glass  insured  is  in  excess  of 
the  single  thick,  the  amount  of  glass  broken  is  never 
more  than  two-fifths  as  much,  and  in  some  years  the 
ratio  is  one  to  one  hundred  in  favor  of  double  glass. 


CHAPTER   XI. 

GLAZING — METHODS    AND    MATERIALS. 

In  setting  the  glass,  the  end  desired  is  to  so  arrange 
it  as  to  have  the  roof  as  nearly  air  and  water-tight  as 
possible,  and  to  have  the  glass  held  firmly  in  place.  As 
usually  laid,  the  glass  is  lapped,  with  t'ae  upper  pane 
extending  about  an  eighth  of  an  inch  over  the  one  below 
it.  For  curvilinear  roofs  this  is  practically  a  necessity. 
And  when  the  glass  is  straight  and  even,  and  well  laid, 
it  makes  a  good  roof.  Kcarly  all  panes  are  moi'c  or  less 
curved,  and  if  two  panes  in  which  the  curves  arc  not 
equal  are  placed  together,  there  is  likely  to  be  a  crack 
either  at  the  corner  or  in  the  center  of  the  panes.  Care 
should  therefore  be  taken  to  assort  the  glass  and,  if  the 
curves  are  of  different  angles,  it  is  well  to  select  those  of 
one  angle  for  one  row,  and  the  others  for  another. 

PUTTY. 

For  glazing  on  wooden  sash  bars,  if  the  glass  is  to 
be  lapped,  astrals  should  1)c  selected  with  half  inch  rab- 
bets (Fig.  18),  whicli  should  first  receive  a  lino  of  putty 
suiBcient  to  fill  the  shoulder.     The  best  grade  of  putty 
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should  be  used,  and  this  should  be  mixed  with  pure 
white  lead,  at  the  rate  of  one  part  of  lead  to  five  of  putty. 
If  a  larger  proportion  of  lead  is  used,  it  will  make  the 
task  of  cleaning  the  bars  a  difficult  one,  in  case  of  break- 
age, while,  if  the  bars  are  kept  properly  painted,  the 
mixture,  as  above,  will  hold  for  many  years. 

The  putty  should  be  worked  rather  soft,  using  lin- 
geed  oil  if  necessary,  and  it  will  be  found  to  stick  to  the 
wood  best  if  it  is  as  soft  as  can  be  used  without  sticking 
to  the  hands  when  they  are  well  coated  itith  whiting. 
Having  applied  tl:3  putty  to  a  number  of  sash  bars,  the 
glass  is  laid  on  and  carefully  pressed  into  place,  squeez- 
ing out  all  surplus  putty  until  the  upper  end  of  the  pane 
rests  on  the  bai,  and  the  lower  upon  the  pane  below, 
with  a  lap  not  exceeding  an  eighth  of  an  inch.  Care 
fghould  be  taken  to  have  the  curve  of  the  glass  up,  if 
drip  gutters  are  used,  and  down  if  they  are  not.  The 
Burplus  putty,  both  inside  and  out,  is  then  scraped"  off, 
taking  pains  to  fill  any  cracks  that  may  be  left.  With 
the  old  method  of  placing  the  putty  on  the  upper  side  of 
the  glass,  it  was  found  that  in  one  or  two  years  the  water 
worked  under  the  putty  and  it  scaled  off,  leaving  a  crack 
ftt  the  side  of  the  pane,  as  well  as  underneath.  This 
both  allowed  the  heat  to  escape  and  the  water  to  enter, 
besides  permitting  the  glass  to  slip  down  or  bio  off,  if 
its  other  fastenings  became  loosened. 

GLAZING    POINTS    AND    BRADS. 

For  holding  the  glass  in  place  there  are  a  dozen  or 
more  kinds  of  ))oints  and  brads.  One  of  the  best  seems 
to  be  an  ordinary  five-eighths  inch  Avire  brad  (Fig.  37  A). 
This  is  stiff  enough  to  hold  the  glass  firmly  in  place, 
and  has  such  a  hold  upon  the  wood  that,  if  properly 
driven  in,  there  need  be  no  fears  of  its  loosening  and 
allowing  the  panes  to  slip  down.  Another  advantage  of 
this  brad  is  that  it  is  inconspicuous,  and,  couscquuutly, 
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not  nnsiglitly,  and  it  offers  little  obstruction  to  the  brush 
when  the  sash  bars  are  painted.  One  of  tiie  most  com- 
monly used  olazinjT  points  is  cut  from  thick  sheet  zinc, 
and  iipp<^ars  as  in  Fig.  37  B.  In  shape  they  resemble 
three-fourths  iiu;i  shoe  nails,  which  are  also  sometimes 
used.  Wiieii  driven  well  in,  tins  form  of  brad  has  a  firm 
hold,  and,  moreover,  is  ((uite  stiff;  the  blunt  end,  how- 
ever, tears  its  way  into  the  wood,  and,  unless  driven 
home,  is  readily  detaclied.  It  is  also  more  conspicuous 
than  the  wire  brad,  and  is  a  slight  hindrance  to  the 
painting.  Two  of  these  brads  are  used  to  hold  the  lower 
corners  of  the  glass  down  iu  place,  and  two  others  are 
placed  about  an  eighth  of  an  inch  from  t!ie  upper  edge, 
where  they  serve  to  hold  the  pane  in  i)lace  and  to  keep 
the  pane  above  from  slipping  down.  Large  panes  require 
two  other  brads  in  the  center. 

Of  the  various  points  used  for  glazing,  none  is  bet- 
ter than  tiie  zinc  triangle,  No.  000  (Fig.  37  C).  While 
the  smaller  sizes  may  be  used  for  the 
small  panes  of  glass,  or  for  house  win- 
dow sash,  where  the  putty  is  on  the 
outside,  they  are  not  large  enough  for 
large  greenhouse  glass.  One  of  these 
pom's  is  placed  at  each  of  the  lower 
corners  of  the  panes,  with  one  angle 
lapping  over  the  edge.  After  driving 
it  in,  this  angle  is  bent  down  over  the 
edge  of  the  pane  so  that  it  cannot  slip 
down.  Two  other  points  are  used  in 
FIG.    37.  the  middle  of   tlie   panes.      The  dia- 

eLAZiNG  POINTS.  j^^o,-„|  points  (Fig.  37  D)  are  driven  in 
very  rapidly  wuth  a  machine,  but  are  rather  small  for 
large  panes,  except  when  the  glass  is  butted.  Another 
point  that  is  sometimes  used  is  a  double-i^ointed  carpet 
tack.  This  holds  the  glass  firmly  in  place,  but  it  is  not 
particular!}  ornamental. 
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Van  rie3'per's  glazing  point  (Fig.  37  E)  differs  from 
the  above  in  being  bent  iu  tlie  center,  so  as  to  better  fit 
the  lower  edge  of  the  pane,  and  to  this  extent  it  seems 
to  be  an  improvement.  Eanies'  glazing  point  (Fig.  37 
F)  is  donble  pointed,  and  is  designed  to  both  hold  the 
panes  down  in  place  arid  to  keep  them  from  slipping, 
and  it  snccessfully  ai^complislies  it.  Ives'  point  (Fig. 
37  G)  has  a  single  po'nt,  with  one  corner  bent  to  prevent 
the  slipping  of  the  pane.  It  is  rather  thick,  and  as  it 
tears  the  wood  wl^.en  driven  in,  it  does  not  have  a  very 
firm  hold,  even  with  tbe  shoulder  at  the  point.  One 
objection  to  the  last  two  kinds  of  points  is  that  they  are 
"rights  and  lefts,"  which  leads  to  more  or  less  confusion 
in  using  them,  and  another  which  applies  to  all  double- 
pointed  ]ioints,  is  that  in  order  to  hold  the  pane  securely 
they  must  be  very  accurately  driven  into  place. 

BUTTED    GLASS. 

The  method  of  setting  greenhouse  glass  to  which 
this  term  i>3  applied,  has  been  fre(juently  advocated,  and 
has  been  used,  to  some  extent,  for  many  years ;  but  it 
has  never  come  into  general  use,  })rinciinilly  on  account 
of  its  being  somewhat  more  diflicult  to  reset  broken 
glass  and  make  a  good  joint,  than  when  the  glass  is 
lapped.  This  kind  of  glazing  has  many  advantages  over 
the  other,  among  the  more  important  of  which  are,  that 
a  tighter  roof  can  be  made,  thus  effecting  a  saving  in 
fuel ;  there  is  less  danger  of  broken  glass,  either  from 
ice  forming  between  the  jtanes  when  lapped,  or  from 
accidents,  as,  when  a  lap])cd  ])ane  is  broken  it  frequently 
cracks  the  one  beneath  ;  more  benefit  can  be  derived 
from  the  sun,  as  with  lajjped  glass  soot  and  dirt  collect 
between  the  laps,  causing  an  opaque  streak,  and  even 
when  this  is  not  so,  the  double  glass  at  the  lap  obstructs 
more  light  than  the  single  glass.  Moreover,  admitting 
the  fact  that  it  i-'  sometimes  hard   to  get  a  good  fit  in 
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repairing  butted  glass,  using  the  old  method  of  glazing, 
the  labor  of  keeping  a  butted  roof  in  good  condition  is 
less  than  for  earing  for  one  that  is  lapped,  as  there  will 
be  fewer  breaks  to  repair,  and  using  the  new  styles  of 
sash  bars  the  panes  can  be  very  readily  replaced. 

The  only  objection  to  butting  the  glass  in  glazing  is, 
that  upon  flat  roofs,  after  the  glass  has  been  sot  a  fevr 
years,  water,  in  a  driving  rain  storm,  will  find  its  way 
between  the  panes  and  cause  a  good  deal  of  drip.  On 
the  other  hand,  upon  roofs  with  an  angle  of  35°  or  more, 
there  will  be  sufficient  adiiesion  between  the  water  and 
the  glass  to  cause  it  to  run  down  on  the  under  side  of 
the  panes  to  th-e  plate,  and  thence  to  the  ground,  or,  as 
arranged  in  some  houses,  either  into  an  inside  gutter,  or 
through  the  wall  into  tlie  outside  gutter. 

In  laying  glass  upon  the  old  style  of  sash  bars,  a 
thin  laver  of  putty,  or  a  film  of  thick  paint,  is  placed  on 
the  sash  bar,  upon  which  the  panes  are  laid  and  tacked 
in  place,  taking  care  to  securely  fasten  the  bottom  pane 
in  each  row,  to  prevent  slipping.  In  order  to  make  the 
roof  both  air-  and  water-tight,  it  is  well  to  seal  the  crack 
with  white  lead.  To  do  this  mix  pure  white  lead  with 
equal  parts  of  good  jHitty  ;  spread  this  in  a  thin  layer  on 
a  smooth  board  or  pane  of  glass,  and  press  the  lower 
edge  of  glass  against  it  before  phicing  on  the  sash  barSc 

In  setting  the  panes,  crowd  them  together  so  as  to 
force  out  all  surplus  material,  leaving  the  lead  to  fill  any 
inequalities  between  the  X)anes  and  act  as  a  cement  to 
unite  them.  When  this  is  properly  done  the  rows  of 
glass  will  virtually  consist  of  a  single  pane,  and  will 
remain  for  several  years,  both  air-  and  water-tight.  In 
time  the  lead  will  work  out  of  the  larger  cracks,  bat  if 
they  are  so  large  as  to  prove  troublesome  they  can  be 
refilled  with  but  little  tr()ul)le.  To  make  a  good  job  in 
butting  glass,  all  jviiie-!  with  rough  edges  should  be 
reject'd,  or  used  onlv  at  to-)  and  bottom. 
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Having  the  panes  nailed  in  place,  the  cracks  at  the 
sides  should  bo  filled  by  applyini,^  thick  paint  with  a 
brush,  or,  as  is  preferred  by  some,  by  use  of  a  putty 

bulb.  The  name  of  paint 
bulb  would,  perhaps,  be  as 
appropriate  for  the  latest 
forms,  which  have  a  small 
brush  projecting  beyond 
the  end  of  the  tube,  by 
which  the  crack  is  filled, 
and  the  surplus  material 
brushed  off  (Fig.  38).  If 
very  much  paint  is  used  it 
will  be  necessary  to  sift  on 
sand  to  keep  it  from  run- 
ning, but,  when  properly 
done,  there  will  be  little 
need  of  using  sand  upon 
it.  If  desired,  the  use  o£ 
paint  or  putty  under  the 
glass  can  be  dispensed 
with,  although  unless  the 
glass  fits  snugly  it  will 
lessen  the  amount  of  paint 
that  runs  down  between 
the  panes.  Ives'  putty 
machine  (Fig.  39)  is  very 
convenient  for  back-juittying  in  repairing  roofs.  Upon 
the  more  recent  foi-ms  of  sash  bars  the  glass  may  be 
laid  in  paint  or  putty  if  desired,  and  the  crack  at  the 
side  filled  in  the  same  way  ;  cr  both  may  be  disi)enscd 
with,  and  the  glazing  performed  by  merely  laying  the 
panes  iu  place  on  the  sash  bars  (filling  the  cracks 
between  the  panes  with  white  lead,  if  desired),  and  fas- 
tening the  wooden  strips  in  place  by  means  of  screws, 
thus  holding  them  down. 
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For  use  witli  this  method  of  glazing,  Gasser's  glaz- 
ing strip  is  considered  very  valuable  by  many  who  have 

tried  it.     It  consists  of  a  narrow  strip  of  zinc  bent  into 

the  form  of   the  ktter  Z,  as 

shown   in  Fig.    4 J,    which  is 

placed  between  the  panes  so 

that  one  leg  of  the  Z  i 3  under 

the    upper     panes,    a: id     the 

other   over   the    under   ones. 

The  cracks  between  the  glass 

and  the  strip  should  be  filled 

with     white    lead,    or    some 

other  lasting  cement,  which 

will    fasten    them    together, 

and  thus  make  a  tight  joint. 

vvater-tight  much  longer  than 

used  between  the  panes.     If  the  strips  are  not  properly 

laid,  or  if  they  are  not  cemented  securely  to  the  glass, 

the  leakage  will  be  much 
greater  than  when  no  strips 
are  used.  Aside  from  their 
cost,  and  the  labor  of  put- 
ting them  in,  the  strips 
obstruct  a  small  amount  of 
light,  but  with  large  panes 
none  of  these  objections 
are  of  serious  importance. 


FIG.   39.       IVES'    PUTTY 
MACHINE. 

This  will  make    a  roof 
when   the  lead  alone  is 


FIG. 


40.       gasser's    GLAZING 
STRIP. 

From  the  present  light  that  can  be  obtained  on  the 
subject,  the  best  advice  as  to  glazing  of  greenhouses  and 
forcing  houses  is,  use  one  of  the  sash  bars  shown  in  Figs. 
20,  21  and  S-'i ;  have  the  roof  with  an  angle  of  thirty-five 
degrees;  butt  the  glass,  closing  the  crack  with  white 
lead,  or,  if  a  roof  that  will  remain  water-tight  for  many 
years  is  desired,  use  the  glazing  strip.     With  glass  of  a 
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width  greater  than  sixteen  eighteen  inches,  it  will  be 
best  to  lap  the  panes.  "When  butted  glass,  laid  with  tlie 
convex  side  down,  is  used,  there  wnll  be  no  necessity 
for  drip  grooves   i;i   the  sash   bars  upon   sto':'p  roofs,  if 

there  are  no  cracks  at  the 
sides  cf  the  panes.  One  im- 
portant feature  of  tliis  meth- 
od of  glazing  is,  that  when 
rcsctti::g  broken  glass,  in- 
stead of  bothering  to  fit  the 
panes,  as  is  noc-essary  with 
ordinary  sash  bars,  one  needs 
only  to  loosen  the  screws  that 
hold  the  cap,  and,  slipping 
up  (or  down)  the  remaining 
panes,  place  the  new  one  in 
place  at  the  bottom  (or  top), 
FIG.  41.  NEW  METHODS  and  screw  down  the  Cap  ;  or, 
OF  GiiAZiNG.  if  tlie  panes  are  cemented  in 

place,  one  can  be  selected  that  will  fit  the  opening. 

To  be  used  successfully,  glass,  to  be  butted,  should 
be  trne  and  even  ;  as,  if  panes  with  different  curves  are 
placcel  together,  water  will  be  collected  and  drip,  unless 
the  roof  is  quite  stee]).  The  difficulty  increases  with 
large  panes,  and  sizes  ovei"  sixteen  inches  will  need  to  be 
very  cai'efully  selected,  if  used  in  tins  way,  even  with 
the  glazing  strip. 

NEW    METHODS    OF   GLAZING. 

Two  otl)cr  systems  of  glazing  ai-e  shown  in  Fig.  41, 
one  of  whicli  is  for  butted  glass,  and  the  other  for  lapped 
glass.  In  both,  the  sash  bars  are  used  without  rabbets, 
which  makes  a  lighter  loof  than  can  be  obtained  in  any 
other  way.  Tn  the  first  method,  which  was  used  l)y  J. 
I).  Raynolds,  of  Riverside,  Til.,  the  glass  is  butted,  as 
shown  at  A,  and  is  held  in  ])lace  by  a  screw  and  washer, 
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at  the  intersection  of  the  pane?.  By  breaking  off  a  small 
corner  from  eacii,  the  screw  can  be  inserted,  and  the 
washer  will  press  the  glass  into  place.  By  the  other 
method,  which  was  described  in  the  American  Florist, 
the  glass  is  lapped,  and  held  in  place  by  a  piece  of  sheet 
ead,  bent  as  at  B.  The  lower  corner  of  the  panes 
should  be  nipped  off,  and  an  opening  made  through 
which  a  brad  or  screw  can  be  inserted.  If  desired,  a  film 
of  white  lead  can  be  placed  between  the  panes  to  close 
up  the  joints,  but  no  other  painting  will  be  necessary 
upon  the  exterior. 


CHAPTER  XII. 

VENTILATORS. 

For  all  kinds  of  plants  it  is  desirable,  at  some  sea- 
sons of  the  year,  that  means  be-  provided  for  supplying 
fresh  air,  and  for  removing  surplus  heat.  It  has  been 
found  that,  if  openings  are  provided  for  the  egress  of  the 
air,  fresh  air  can  find  its  way  in,  and  no  necessity  will 
exist  for  considering  that  side  of  the  question,  except 
during  the  summer  months.  As  the  air  of  greenhouses 
is  generally  warmer  than  that  outside,  it  will  naturally 
tend  upward,  and  ventilation  will  be  most  effective  if 
provided  at  the  highest  part  of  the  building.  The  ven- 
tilators should  be  arranged  so  as  to  prevent  direct  drafts 
of  cold  air  upon  the  plants.  They  are  sometimes  placed 
on  both  slopes  of  the  roof,  in  order  that  the  opening 
may  be  opposite  to  the  direction  of  the  wind. 

In  some  houses  large  ventilators  have  been  placed, 
at  intervals,  along  the  roof;  but  better  results  are  ob* 
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tained  'when  continuous  lines  of  narrow  ventilators  oil 
one  or  both  sides  of  the  ridge  are  used. 

CONTINUOUS    VENTILATION. 

Wlien  a  continuous  row  of  ventilating  sashes  is  used, 
a  small  opening  will  provide  the  necessary  ventilation  ; 
but,  if  they  are  scattered  at  intervals  along  the  roof,  the 
openings  will  need  to  be  two  or  three  times  as  large,  and 
the  draft  of  cold  air  upon  the  plants  will  be  greatly 
increased.  The  openings  at  the  ends  of  th !  sash  invite 
side  drafts.     It  is  a  poor  plan  to  have  a  continuous  row 


FIG.    42.       ARRANGEMENT   OF    VENTILATORS. 

of  sashes,  only  part  of  which  avo  used.  Particularly  if 
on  a  high  roof,  where  shafting  is  necessary  to  work 
them,  there  will  be  constant  trouble  from  the  swelling 
and  sticking  of  the  sash.  Although  not  necessary,  the 
continuous  working  sash  may  bo  fastened  together  with 
strips  of  band  iron. 

VENTfLATING    SASn. 

The  sash   should   be  made  in  the  same  way  as  hot- 
bed  sush,  with   a  thin   strip   foi'  the  lower  edge.     The 
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joints  sliould  bo  located  over  the  middle  of  rafters  or 
sash  bars.  The  glass  used  for  the  sash  should  be  of  the 
same  width  as  for  the  rest  of  the  house,  except  the  rows 
at  either  end  of  each  sash,  which  should  be  somewhat 
narrower,  to  allow  for  the  increased  width  of  the  side 
strip  of  the  ventilating  sash. 

IIAXGIXG   THE    SASH. 

The  old  method  of  hanging  the  sash  was  to  haye 
the  hinges  on  tlie  upper  side  (Fig.  43  A),  but  as,  for 
the  same  size  of  opening,  a  ventilator  will  be  more  effi- 
cient when  hinged  at  the  lower  edge  (Fip;.  42  B),  that 
method  will  be  generally  used,  especially  when  there  is 
only  one  line  of  sash.  When  only  one  line  is  used,  they 
should  be  on  the  same  side  of  the  roof  as  the  prevailing 
cold  winds  come  from,  when  hinged  at  the  bottom,  and 
on  the  other  side  if  hinget  at  the  top. 

VENTILATING    MACHINERY. 

In  small  houses,  a  simple  method  of  opening  the 
ventilators  is  by  means  of  what  are  sometimes  called  sky- 
light fixtures,  which  are  fastened  to  the  lower  edge  of 
the  ventilator  by  screw  eyes.  They  have  holes  at  inter- 
vals, through  which  a  pin  on  tlie  edge  of  the  header  is 
passed,  thus  holding  the  sash  at  any  angle  desired.  One 
sash  at  a  time  only  can  be  opened,  and,  for  houses  of 
any  length,  some  form  of  apparatus  that  will  open  all 
the  ventilators  on  a  given  line  is  desirable. 

A   SIMPLE   APPARATUS. 

One  of  the  simplest  is  showii  in  Fig.  43.  It  con- 
sists of  lifters  made  of  one  inch  by  one-fourth  band  iron 
(B),  about  two  feet  in  length,  fastened  rigidly  to  the 
lower  edge  of  the  ventilator  [A),  and  extending  down 
into  the  house  at  right  angles  to  it.  A  small  wire  cable 
runs  the  length  of  the  house,  and  near  each  ventilator  a 
cord  (C)  is  attached,  which,  after  running  through  a 
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pulley,  IS  fastened  to  the  lower  end  of  the  lifter.  The 
cable  is  arranged  so  that  it  can  be  readily  drawn  through 
the  house,  lifting  all  of  the  sash  to  any  required  height. 
The  motive  power  may  be  applied  to  a  small  rope  run- 
ting  through  pulley  blocks,  or  by  means  of  a  small 
windlass.  As  first  made,  they  were  closed  by  their  own 
weight,  and,  as  they  were  not  held  down  in  any  way, 
accidents  often  hiii^pencd  in  high  winds.  An  improve- 
ment (Fig.  43  D)  is  in  an  additional  rope,  attached  to 
the  bottom  of  each  sash,  and  running  through  a  pulley 
to  a  point  beyond,  where  it  is  fastened  to  the  main  cable. 
If  the  cable  at  the  farther  end  of  the  house  is  carried 
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FTO.    43.       A    SIMPLE   VENTILATING    APPARATUS. 

over  a  pulley,  and  has  a  heavy  weight  attached  to  it,  the 
cable  will  be  drawn  back,  when  it  is  desired  to  close  the 
■ventilators,  and  will  hold  them  securely  in  place. 

SHAFTING. 

In  nearly  all  other  ventilating  machinery,  the  power 
IS  conveyed  by  means  of  a  gas  pipe  shaft  running  along 
under  the  ventilators.  In  some  cases  it  passes  through 
a  cross  placed  in  the  ridge  post,  about  a  foot  from  its 
upper  end,  and  in  others,  it  is  held  in  place  by  means 
of  a  clamp  fastened  to  the  post.  The  usual  method  of 
fastening  is  by  means  of  small   hangers  screwed  to  tha 
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rafters.  When  saslibars  alone  are  used  to  form  the 
framework  of  the  roof,  some  method  of  hanging  the 
shaft  to  the  posts  is  desirable,  but  not  necessary. 

Various  methods  of  applying  the  power  have  been 
used,  the  most  common  of  which  is  the  common  elbow 


FIG.    44.       KEW    DEPARTURE    VEXTILATIXG    APPARATUS. 
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fixture  shown  in  Figs.  42  and  46.  These  are  strong  and 
do  their  work  w^ell,  except  that  they  are  applied  at  a  dis- 
advantage when  the  sash  is  just  beoinning  to  open,  and 
as  this  is  the  point  at  which   Lhe3-  are  most  fretj^uently 
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used,  it  will  have  to  be  regarded  as  a  slight  objection. 
Another  form  of  fixture  is  regarded  as  a  "New  Depart- 
ure," by  J.  D.  Carmody,  the  inventor.  It  has  much 
the  shape  of  a  meat  saw  (Fig.  44),  and  lifts  the  sash  by 
the  action  of  the  cogs  on  the  shafting,  upon  those  on 
the  fixture.  It  works  easily,  and  the  same  force  is 
required  to  lift  the  sasli,  at  whatever 
height  it  may  be.  A  form  quite  similar 
to  this  is  used  with  the  Little  Victor 
machine,  and  is  recommended  by  the 
inventor,  E.  P.  Hippard,  as  valuable  for 
small  sash. 

Various  contrivances  have  been  ar- 
ranged, by  which  the  weight  of  the  ven- 
tilators, in  closing,  shall  coil  up  a 
spring,  which,  when  it  is  desired  to 
open  the  sash,  will  furnish  a  large  por- 
tion of  the  power.  One  of  the  best  of 
these  is  known  as  the  Ormsby  Spring 
balance.  It  has  proven  quite  satisfac- 
tory, and  works  very  smoothly,  opening, 
with  the  expenditure  of  very  little  power, 
a  long  line  of  sash.  It  is  easy  to  put 
up,  and  the  only  objection  to  the  system 
is  that,  after  two  or  three  years  of  use, 
the  springs  wear  out. 

Of  the  machines  used  to  work  the 
shafting,  with  its  elbow  fixtures,  the 
simplest  is  the  kind  generally  used  by 
greenhouse  builders.  It  consists  of  a  large  wheel  upon 
the  shaft,  worked  by  a  worm  upon,  the  upper  end  of  a 
rod,  to  which  the  power  is  applied  by  means  (if  a  crank, 
or  a  hand  wheel.  It  will  bo  found  in  several  of  the  illus- 
trations. Among  llio  more  recent  candidates  for  favor 
arc  tlie  Standard  and  Challenge  machines. 

The  former,  shown  in  Fig.  45,  is  manufactured  by 
E.  Hippard,  Youngstown,  Ohio.     It  is  a  very  easy  work- 


FIG.    45. 
STANDAUD. 
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\ng  machine,  bnt  does  not  work  quite  as  fast  as  some 
of  the  others.  In  the  old  machines,  the  large  wheel  on 
the  shaft  sometimes  slipped,  or  was  pushed  away  from 
the  small  pinion,  but  with  the  new  double  header  there 


FIG.    46.      CHALLEXGE. 

should  bo  no  trouble.  As  will  be  seen  from  the  engraving, 
the  power  is  ajiplied,  by  means  of  a  hand  wheel  and  worm, 
to  the  vertical  shaft  which  works  inside  the  post.     At 


M 


GKEENHOUSE    COMSTRUCTIOH. 


the  upper  end  of  the  shaft  is  a  pinion,  or  bevel  gear,  by 

which  the  power  is  conveyed  to  the  shaft.     We  have 

found  it  a  very  satisfactory  machine. 

The   Cliallenge  machine  (Fig,    40)  is  made  by  the 

Quaker  City  iVJachine  Co.,  of  Richmond,  Ind.     It  differs 

from-tlie  Standard  in  using 
sprocket  wheels  and  an  end- 
less chain,  instead  of  a  ver- 
tical shaft  and  gearing.  The 
first  machines  made  had  sev- 
eral slight  defects,  but  these 
have  been  corrected  in  the 
latest  imttern,  and  the  ma- 
chine now  does  very  good 
work.  While  it  does  not 
work  as  easily  as  the  Stand- 
ard, it  gives  a  more  rapid 
movement  to  the  sash,  and 
to  that  exteut  is  preferable 
to  that  machine ;  the  latter 
excels  in  ease  of  operation, 
although  either  can  be 
changed  by  varying  the  size 


FIG.   47. 
A  SIMPLE   FIXTURE. 


of  the  gear  and  sprocket  wheels. 

CHEAP   VENTILATING   MACHINE    FOR   LOW   HOUSES. 

In  low  span  roof  honses  a  simjde  method  of  working 
the  shaft  is  shown  in  Fig.  47.  It  consists  of  a  lever  of 
one  inch  gas  pipe  {A),  perhaps  four  feet  long,  fastened 
to  the  shaft  (D)  by  means  of  a  T.  By  means  of  this,  a 
line  of  narrow  sash  fifty  feet  long  can  be  opened  or 
closed,  and  can  be  held  in  place  by  means  of  a  pin  passed 
through  a  strip  of  iron  (Z>),  as  shown  in  the  sketch. 

OUTSIDE  SHAFTING. 

Wlien  the  ridge  is  too  low  to  admit  of  running  the 
shafting  under  the  roof,  it  may  be  placed  on  the  outside. 
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as  shown  in  Fig.  48.  In  any  house,  if,  for  any  reason, 
the  shafting  is  not  desired  on  the  inside  of  the  lioiise, 
this  arrangement,  which  is  used  by  Hijipard  and  others, 
may  be  employed. 

While  a  siugle  wide  line  of  ventilators  will  answer, 
in  houses  less  tliau  twenty  feet  wide,  two  narrow  lines 
on  opposite  sides  of  the  roof  wil]  be  preferable.     In  wide 


FIG.    48.       OUTSIDE    SHAFTIXG. 

houses  ventilating  sashes  in  the  vertical  walls  are  desir- 
able, and  some  builders  of  tlireo-quarter  span  houses  jire- 
fer  to  have  one  row  at  the  ridge  and  one  in  the  south 
wall,  even  in  rose  houses,  to  having  the  two  rows  at  the 
ridge.  In  even  sj^an  houses  there  is  less  occasion  for 
side  ventilation,  except  in  wide  houses.  In  Fig.  42  is 
shown  a  variety  of  metliods  of  arranging  the  ventilating 
sash,  and  of  attaching  the  ventilating  machines. 


CHAPTEK  XIII. 

GREENHOUSE    BENCHES 

The  benches  used  l)y  the  average  florist  are  a  coii' 
stant  source  of  trouble  and  expense.  Built  as  they  usu- 
ally are,  of  cheap  or  waste  lumber,  their  life  is  a  short 
one,  and  they  frequently  break  down  while  in  use,  either 
ruining  the  plants,  or  so  mixing  the  varieties  as  to  make 
them  of  little  value.  A  wooden  bench  generally  has  to 
be  renewed  within  five  years,  and  in  some  cases  three 
year^;  sees  their  period  of  usefulness  at  an  end.  Not 
only  is  the  florist  required  to  pay  for  labor  and  material 
for  constructing  a  new  bench,  but,  as  frequently"  the 
weakness  is  not  discovered  until  the  bed  is  being  pre- 
pared for  use,  the  delay  necessitated  ir.  planting  the  bed 
may  greatly  les-sen  the  profits.  The  best  materials  for 
greenhouse  benches  are  iron  and  tile,  or  slate,  but,  as 
the  average  florist  will  think  he  cannot  afford  this  kind 
of  a  table,  let  us  consider  the  next  best  thing. 

WOODEN    BENCHES. 

With  a  little  attention  in  constructing  and  caring 
for  wooden  benches,  their  durability  can  be  doubled. 
When  wooden  legs  are  used,  they  should  be  raised  above 
the  level  of  the  soil  and  Avalk,  upon  a  brick  or  stone  pier. 
This  will  not  only  furnish  a  firm  support,  and  thus  pre- 
vent the  settling  of  the  bench,  but  it  will  serve  to  keep 
the  lower  portion  dry,  and  check  its  decay.  Red  cedar 
or  locust  will  make  the  most  desirable  legs  but,  as  they 
cannot  always  be  readily  obtained,  cypress  or  ])ine  will 
be  generally  u.scd.     When  the  walls  of  the  house  are  of 
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wood,  the  back  ends  of  the  cross  hearers  csan  he  nailed  l") 
the  posts,  or  to  the  studding,  and  in  houses  constructed 
upon  a  hrick  or  grout  wall  this  can  readily  be  used  for 
sui^i^orling  them.  Measuring  fi-om  the  inner  face  of  the 
wall,  the  length  of  the  cross  bearer  should  be  two  inches 
more  than  the  width  of  the  bench,  thus  admitting  of  a 
free  circulativui  of  air  in  the  rear.  When  the  wall  can 
not  be  used  to  support  the  backs  of  the  side  benches, 
wooden  legs  can  be  used,  the  same  as  for  the  fronts,  and 
for  the  midille  bench.  The;-e  shoukl  be  about  two  by 
four  inches,  and  from  two  to  five  and  a  half  feet  in 
height,  according  to  location  and  the  character  of  the 
house. 

The  cross  bearers  may  range  from  two  by  four 
inches  for  narrow  benches,  to  two  by  six,  or  even  two  by 
eight  inches  for  wide  ones.  If 
fastened  to  the  legs,  as  shown  in 
Fig.  49  A,  there  will  be  little  dan- 
ger of  their  becoming  detached  and 
letting  the  bench  down.  If  these 
supports  are  placed  once  in  three 
and  one-half  or  four  feet,  the  com- 
mon six  by  one  inch  fence  boards 
can  be  placed  longitudinally  for 
bottoms,  when  shallow  rose  beds 
are  desired,  although  the  twelve- 
inch  boards  are  better  for  the  stag- 
ing of  pot  ]dants.  To  provide  for 
thorough    drainage,    cracks    three-  FIG.    49. 

fourths  of  an  inch  wide  should  be  avoode^i  benches. 
left  between  the  boards.  If  deep  beds  are  to  be  used, 
or  if  large  pot  plants  are  to  be  i)laced  on  them,  the  dis- 
tance between  the  supports  may  profitably  be  reduced  to 
three  feet,  or  one  and  one-half  inch  boards  used.  For 
the  front  and  back  of  the  benches  strips  of  board  from 
three  tr,  six  inches  "ide,  iu  accordance  with  the  kind  of 
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plants  to  be  grown  on  tliem,  sTiouM  be  used.  If  the 
legs  are  extended  to  the  top  of  the  front  boards  as  in 
Fig.  49  B,  they  will  be  held  firmly  in  place  and  will  last 
much  longer.     The  leas  and  cross  bearers,  as  well  as  the 


FIG.    50.       GAS  PIPE   BENCH   SUPPORTS. 

side  pieces,  should  be  thoroughly  painted  before  they  arc- 
fitted  together,  and  this  will  often  double  their  ])criodof 
use.  After  the  bench  is  completed,  it  will  i)ay  to  gi\  ■ 
the  inside  a  thorough  coafiuT  «'ith  Louisville  cement,  ^i 
the  consistency  of  thicl  paint. 
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The  width  of  greenhouse  benches  varies,  to  a  large 
degree,  with  the  width  of  the  house,  and  the  use  to 
which  it  is  put.  The  side  beaches,  in  a  rose  house,  are 
sometimes  as  narrow  as  two  feet  and  six,  or,  perhaps, 
eisrht  inches,  and  are  sehloni  wider  than  three  feet  and 
sis  inches,  which  should  he  tlie  maximum.  The  center 
benches  range  from  five  to  seven  feet  in  width.  When 
properly  built  and  well  cared  for,  benches  of  this  descrip- 
tion will  be  far  more  economical,  i:i  the  end,  than  the 
cheap  constructions  generally  seen  in  greenhouses. 

IRON"    BEXCHES. 


Many  florists  who  are  not  ready  to  try  the  iron  and 
slate  bench,  are  using  iron  legs  and  cross  bearers.  The 
simplest     forms    are  ii„;'i;i; 

made  of  one-inch-  gas 
pipe  (Fig.  50),  the 
lower  end  of  the  leg 
resting  in  a  cedar 
block  sunk  in  the 
ground,  and  the  up- 
per end  sui3porting 
the  front  end  of  the 
cross  bearer  bv  fic"^-  51.  mexdexhall's  bexch. 
means  of  a  malleable  iron  T,  from  tbe  top  of  which  a 
short  piece  of  pipe  extends  even  with  the  top  of  the  front 
boards,  thus  holding  it  in  place.  The  front  boards  can, 
if  desired,  be  placed  outside  the  pipe,  and  held  in  place 
by  iron  clips.  The  rear  end  of  the  cross  bearer  is 
screwed  into  the  wall  post,  or  set  in  the  masonry,  when 
possible,  and  if  neither  of  these  methods  of  support  can 
be  used,  gas  pipe  legs  can  be  provided,  the  same  as  for 
the  front.  For  center  benches  a  somewhat  heavier  con- 
struction would  be  necessary,  the  cross  bearers  being  of 
one  and  one-fourth  inch  gas  pipe.      When  houses  are 
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built  on  the  ''ridge  and  furrow"  plan,  the  cross  bearers 
for  the  side  benches  may  pass  through  the  wall  into  the 
adjoining  house. 

ANGLE    IRON    BENCHES. 

One  of  the  simplest  forms  of  iron  benches  was  re- 
cently figured  in  the  American  Florist  (Vol.  VI,  Page 
983),  as  Mendenhall's  bench  (Fig.  51).  It  rested  upon 
brick  piers,  and  consisted  of  two  or  three  inch  angle 
irons,  placed  so  as  to  form  the  front  and  the  back  of  the 
bench.  The  bottom  was  of  slate  or  boards,  as  desired. 
By  using  intermediate  strips  of  T  iron,  narrow  strips  of 
slate,  or  bench  tile  could  be  used. 

Another  form  of  greenhouse  bench  has  been  tried  in 
the  houses  of  E.  G.  Hill,  Richmond,  Ind.  The  cross 
bearers  aud  longitudinal  strips  are  of  a  light  street  car  T 
rails,  with  bottoms  of  slate  and  sides  of  narrow  boards, 

held  in  })Iace  by  narrow 
strips  of  iron.  The 
bench  is  supported  on 
cedar  posts  (Fig.  53). 
The  cost  of  the  iron  rails 
is  given  as  eleven  and 
one-half  cents  per  foot. 
This  is  considerably 
more  than  the  cost  of 
the  lighter  grades  of 
angle  iron,  but  as  the 
rails  are  much  stronger, 
the  number  of  legs  and 
cross  bearers  is  reduced, 
FIG.  52.      HILL'S   BENCH.  ^^^^^^^    jj,jg|^^.     T^^ing    it 

down  to  the  same  cost.  The  least  durable  portions  of 
this  bench  are  the  sides  and  logs ;  the  latter,  however, 
could  be  made  of  iron,  if  desired. 

Perhaps  the  neatest  form  of  iron  bench  is  shown  In 
Figs.  14  and  53.     The  size  of  the  iron  required  is  accord- 
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ing  to  th?  width  of  the  bench,  and  the  use  to  which  it  is 
to  be  put.  For  a  rose  house,  tlie  side  benches  can  be 
supported  on  one  and  one-half  inch  cross  bearers  of  T 
iron  {D,  Fig.  14),  placed  once  in  four  feet,  with  one  and 


^/r^,r^..'^ 


^ 


FIG.    53.      ANGLE   IRON  BENCH. 

one  half  inch  angle  iron  (G)  for  the  front  and  back,  and 
two  intermediate  one  and  one-fourth  inch  T  irons  (H). 
Usii.g  twelve-inch  slate,  or  tile,  for  the  bottoms,  the 
beucli  will  be  three  feet  and  two  inches  wide.     For  the 
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legs,  one  inch  j^as  pipe  {E),  or  one  and  one-fourth  inch 
T  iron  can  be  used.  The  gas  pipe  can  be  flattened  at 
its  upper  end  and  bolted  to  the  cross  bearers,  or  it  can 
be  inserted  into  a  casting  (Fig.  14  ^and  F'),  which  can 
then  be  bolted  on.  With  such  a  casting  at  the  top,  and 
a  flat  jDlate  for  the  log  to  rest  in  at  tlie  bottom,  a  very 
neat  bench  can  be  made.  If  sides  are  desired  to  the 
benches,  larger  angle  iron  can  be  used  for  the  outer 
edges  of  the  benches,  say  three  by  two  inches,  or  three 
to  five-inch  strips  of  board  can  be  used,  and  held  in  place 
either  by  the  edges  of  the  angle  iron,  or  by  means  of 
screws  put  through  holes  in  the  angle  iron. 

BENCU    BOTTOMS. 

The  bottom  is,  as  a  rule,  the  first  portion  of  the 
bench  to  decay,  and  if  any  i)art.is  to  be  of  indestructible 
materials,  this  should  be  the  one.     The  most  satisfactory 
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FIG.    54:.       TILES   rOR   BENCHES. 

bench  bottoms,  iti  every  way,  are  some  of  the  forms  of 
^' bench  tile."  They  are  more  or  less  porous,  and  pro- 
vide botli  for  drainage  and  for  a  thorough  aeration  of 
the  soil.  Those  invented  by  W.  P.  Wight,  of  Madi- 
son, N.  J.,  seem  particularly  desirable.  They  can  be 
made  of  any  size  desired,  although  about  twelve  by  six 
inches  seems  a  good  one,  and  differ  from  most  of  the 
others  in  having  a  row  of  holes  along  the  center  (Pig.  54 
A).  The  form  shown  in  Fig.  54  C  is  five  inches  wide 
by  twelve  long,  and  Fig.  54  B  represents  a  tile  seven  by 
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twelve  inches,  botli  of  whicli  are  manufactured  for  "fire- 
proofing"  the  structural  iron  in  modern  fireproof  blocks, 
but  answer  very  well  for  bench  bottoms.  By  leaving 
spaces  between  the  tiles,  ample  drainage  can  be  secured. 
Mr.  Wight  has  invented  a  bench  (Fig.  55)  to  be  used 
with  his  tiles. 

For  the  tables  in  the  show  house,  or  conservatory, 
upon  which  large  plants  only  are  placed,  large  slabs  of 
slate,  of  the  full  width  of  the  bench,  may  be  used  with- 
out any  covering.  In  the  growing  houses  some  covering 
for  the  slate  is  desirable,  and  smaller  sizes  may  be  used. 
Heavy  roofing  slate,  about  twelve  by  ei2,htecn  inches  in 
size,  can  be  cheaply  obtained,  and,  with  a  covering  of 
coarse  gravel,  makes  an  excellent  plant  table.  When 
used  as   bottoms   for   the    tables   in    rose    houses,    and 

for  cutting  beds,  they  are 
less  satisfactory  than  bench 
tile,  as  they  allow  of  but 
imperfect  drainage  and  aer- 
ation, and  the  soil  and 
sand  soon  become  sour. 
With  careful  watering  the 
Injury  will  be  somewhat 
lessened,  but  the  tile  will 
In  Fig.  56  will  be  seen  a 
method  of  using  shite  for  bench  bottoms,  with  wooden 
supports. 

The  use  of  boards  for  bench  bottoms  may  be  eco- 
nomical where  lumber  is  cheap,  and  the  other  materials 
expensive,  but  the  more  durable  materials  will  generally 
be  preferable. 

SOMD    BEDS. 

For  growing  many  crops  the  so-called  soli  1  bed  will 
be  desirabk'.  'riic-e  arc  of  the  same  widths  and  in  the 
same  j)laces  us  the  raised  beds,  but,  as  a  rule,  are  not  as 


FIG.    56. 
WOOD    AND   SLATE    BENCH. 

be  found   more  satisfactory. 
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high  above  the  walks.  "When  the  underlying  soil  is 
light  and  sandy,  the  application  of  about  six  inches  of 
prepared  compost  will  be  all  that  is  required  to  make 
them,  excej)t  the  erection  of  barriers  of  wood  or  brick  to 
keep  the  soil  in  place.  It  is  generally  necessary  to  pro- 
vide some  kind  of  drainage,  and  for  this  purpose  three- 
inch  drain  tiles  have  been  found  excellent.  By  placing 
them  two  feet  apart  and  eight  inches  below  the  surface, 
across  the  beds,  ample  drainage  Avill  be  provided,  and  the 
warming  and  aeration  of  the  soil  will  be  promotedo 


CHAPTER  XrV. 

PAINTING    AND   SHADING 

In  order  to  preserve  the  wood  from  decay,  and  the 
Iron  work  from  rusting,  the  materials  should  be  covered 
with  some  substance  that  will  render  the  woodwork 
water  proof,  and  prevent  the  oxidation  of  the  iron. 
There  are  on  the  market  many  ^latent  paints  that  may 
be  suitable  for  certain  purposes,  biit  very  few  of  them 
will  prove  satisfactory  for  greenhouse  painting.  If  pure 
white  lead  and  linseed  oil,  with  a  small  amount  of  Japan, 
are  used,  the  results  will  be  as  satisfactory  as  can  be 
obtained  from  any  mixed  paint,  and  as  the  covering  of 
the  framework  of  a  greenhouse  with  some  paint  that 
proved  worthless  for  the  purpose  would  lead  to  a  large 
expense,  it  is  better  to  take  something  that  is  known  to 
be  good,  than  to  experiment  with  materials  that,  though 
apparently  cheap,  may  j)rove  dear  in  the  end.  There 
are  several  low  priced  brands  of  so-called  ''white  lead," 
that  are  comi^osed  largely  of  zinc  and  baryta,  and  if 
these  are  used  the  paint  will  peel  off  within  a  year. 
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If  the  houses  are  to  be  painted  white,  a  little  black 
should  be  added  to  take  off  the  glare.  However,  some 
other  light  color  may  be  preferred  to  white,  and  a  pleas- 
ing one  can  be  made  by  adding  yellow  and  a  small 
amount  of  green,  producing  a  very  light  shade  of  green. 
With  darker  trimmings  upon  the  house,  this  will  be 
found  quite  satisfactory.  While  it  is  desirable  to  use 
pleasing  tints  for  jiainting  the  greenhouses,  preservation 
of  the  timber  is  the  main  object  to  be  sought. 

PAINTIXG   THE    GREEKHOUSE. 

The  priming  coat  should  be  given  before  the  house 
is  erected.  As  soon  as  the  parts  have  come  from  the 
mill,  the  joints  should  be  made,  as  far  as  is  convenient, 
and,  if  possible,  the  woodwork  should  then  be  soaked  in 
hot  linseed  oil.  A  long  tank  should  be  made,  and  by 
placing  the  oil  in  it  the  parts  can  readily  be  dipped.  If 
steam  pipes  can  be  run  through  it,  all  the  better.  When 
this  cannot  be  done,  the  woodwork  should  bo  given  a 
thorough  priming  coat.  The  addition  of  yellow  ochre, 
or  some  similar  material,  to  the  oil,  will  be  of  advantage. 

In  putting  up  the  house,  too  much  pains  cannot  be 
taken  iu  coating  every  joint  witii  pure  white  lead  paint. 
The  average  carpenter  will  not  see  the  advantage  of  this, 
but  a  coat  of  thick  paint  should  be  insisted  upon. 

As  soon  as  the  framework  is  up,  a  second  coak 
should  be  given  it.  Our  best  greenhouse  builders  use 
two  coats  of  i^aint  for  commercial,  and  three  for  iirivaite 
establishments.  If  only  two  coats  of  paint  are  to  be 
given,  every  crack  and  nail  hole  should  be  filled  with 
good  putty  before  the  second  coat  is  applied,  but,  if  a 
third  coat  is  to  be  given,  the  puttying  should  be  delayed 
until  the  second  coat  is  dry.  When  three  coats  are  to 
be  given,  it  will  bo  easiest  to  apply  the  last  coat  to  the 
interior  of  the  house  before  the  glass  is  set,  although  it 
would  serve  to  hold  the  putty  in  place  under  the  glass  if 
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it  were  applied  after  the  glazing  is  cornpleted.  What- 
ever the  number  of  coats,  the  last  one  to  the  exterior 
should  not  be  given  until  the  glass  has  been  set,  as  then 
any  crack  that  may  remain  at  the  sides  of  the  panes  can 
be  filled,  and  the  roof  will  be  made  water  tight.  The 
putty  Avould  also  become  softened,  and  would  work  out 
were  it  not  painted. 

In  drawing  the  sash,  on  the  exterior,  the  paint 
should  be  rather  thicker  than  is  used  for  ordinary  paint- 
ing, and  it  is  an  excellent  idea  if  it  is  drawn  out  upon 
the  glass  for,  perhaps,  an  ei  ;hth  of  an  inch.  In  this 
way,  the  paint  Avill  serve  as  a  cement  to  hold  the  panes 
in  place,  should  the  other  fastenings  become  displaced. 

KEPAINTING. 

Whether  two  or  three  coats  of  paint  are  given  the 
iouses  at  the  time  of  erection,  another  should  be  applied 
after  one  year,  to  the  exterior,  at  any  rate,  although 
when  three  coats  have  been  used  the  painting  of  the 
interior  may  be  delayed  anotlier  year.  In  order  to  keep 
a  greenhouse  in  the  best  repair,  one  coat  should  be  given 
to  all  exterior  wood  work  each  year,  and  to  the  interior 
every  second  year.  This  frequent  application  of  paint 
is  made  necessary  by  the  fact  that,  if  cracks  ojien  at  any 
place,  water  will  enter,  and  the  rapid  decay  of  the  wood- 
work will  follow.  If  painting  is  long  delayed,  cracks 
large  enough  to  admit  water  often  open  between  the 
glass  and  the  putty,  and  the  latter,  becoming  softened, 
is  washed  out.  Through  the  openings  thus  formed,  heat 
will  escape,  and  water  can  gain  entranrse. 

PAINTING   IRONWORK,    PIPES,    ETC. 

Iron  houses  also  require  frequent  painting,  not  only 
In  order  to  preserve  the  material,  but  to  jirevent  the 
rust  that  forms  if  the  ironwork  is  not  kept  coated  with 
paint,  from  discoloring  plants,  walks,  woodwork,  and 
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anything  else  that  it  may  fall  upon,  with  the  drip.  All 
ironwork  that  forms  part  of  the  greenhouse  structure 
pi'oper,  should  be  of  the  same  color  as  the  woodwork. 
When  iron  tables  are  used  they  should  be  kept  well 
painted,  using  some  color  of  asphalt  or  Japan  paint. — 
black  asphalt  being  cheap  and  quite  durable. 

For  the  sake  of  the  improved  looks,  to  say  nothing 
of  increasing  their  durability,  the  heating  pipes  should 
also  be  painted.  While  asphalt  will  answer  for  this  pur- 
pose, it  is  known  th*"!:  a  larger  amount  of  heat  will  be 
radiated  from  them  i:  of  a  dull  color,  than  if  they  are 
smooth  and  glossy,  and  the  efficiency  of  the  pipes  will 
be  increased  by  applying  a  mixture  of  lampblack  and 
turpentine.  The  durability  of  the  paint  will  be  improved 
by  using  linseed  oil,  but  it  will  have  a  glossy  appearance, 
and  if  oil  is  used  it  should  not  form  more  than  one-half 
Df  the  mixture. 

SHADING. 

In  order  to  keep  down  the  heat  and  prevent  the 
burning  of  the  foliage  of  the  plants,  it  is  desirable  to,  in 
some  way,  obstruct  the  entrance  of  the  heat  rays.  For 
some  classes  of  plants  a  permanent  shading  is  desirable, 
and  this  can  be  secured  by  the  use  of  fluted  or  rough 
plate  glass.  For  most  purposes,  however,  a  temporary 
shading  only  is  necessary,  and  some  form  of  wash  applied 
to  the  glass  is  commonly  used  to  give  this,  when  shading 
is  necessary  throughout  the  summer. 

The  application  of  lime  or  Avhitewash,  cither  by 
means  of  a  large  brush  or  syringe,  is  a  cheap  way  of 
shading  the  house,  and  is  commonly  used  b_y  commercial 
florists;  but  it  is  hardly  satisfactory,  as,  when  thick 
enough  to  keep  out  the  heat  rays,  it  obstructs  too  much 
of  the  light.  One  reason  for  this  is,  that  if  a  coat  of  the 
proper  consistency  is  given,  it  frequently  peels  off  in 
spots,  and  when  a  second  application  is  made,  to  cover 
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these  openings,  it  is  too  thick  upon  the  other  portions 
of  the  glass.  This  wash,  toO;  has  a  glaring  appearance, 
that  is  not  pleasing  to  the  eye. 

Perhaps  the  most  satisfactory  sliading  is  made  by 
the  use  of  either  wliite  lead  or  whiting,  in  gasoline.  A 
very  small  amount  of  lead, — perhaps  a  teaspoonful, — 
will  suffice  for  a  gallon  of  gasoline,  but  the  quantity  of 
whiting  required  will  be  much  larger.  It  will  be  best  to 
make  a  thin  preparation,  and,  if  found  to  be  too  thin, 
more  of  the  lead  or  whiting  can  be  added.  This  wash 
can  be  put  on  in  a  fairly  satisfactory  manner  with  a 
syringe  or  small  force  pum-'^  but  it  can  be  spread  more 
evenly  and  Avith  greater  economy  of  material  with  a  large 
brush,  and,  whei-e  the  appearance  is  considered,  this  wili 
be  a  better  way.  It  is  generally  desirable  to  put  on  a 
thin  coating  early  in  the  spring,  and  add  a  second  one 
in  May  or  June.  If  not  put  on  too  thick,  the  fall  rains 
and  frosts  will  loosen  the  shading,  and  it  will  disappear 
as  winter  comes  on.  If  this  does  not  take  place  soon 
enough,  the  roof  can  bo  wet  down  with  a  hose,  and  any 
surplus  rubbed  off  with  a  stifp  brush. 

TEMPORARY   SHADING. 

For  orchid  houses  it  is  desirable  to  have  a  form  of 
shading  that  can  be  regulated  at  pleasure.     Some  of  the 
roller  blinds  answer  well  for  this  purpose,  as  they  can  be 
lowered  on  bright,  sunny  days,  and  drawn  up  at  night 
or  in  dull  weather,  to  suit  the  needs  of  the  plants.     Clot 
shades  of  light  canvas  or  fine  netting  are  less  desirable 
but  answer  very  well.     They  can  be  used  either  outside 
or  inside  the  house,  and,  if  hung  on  curtain  or  awning 
fixtures,  can  be  raised  or  lowered  at  pleasure. 

When  orchids  are  susjiended  from  the  sash  bars,  the 
shutters,  canvas,  netting  or  other  material  used  for 
shading,  must  be  placed  above  the  glass,  and,  to  allow  a 
circulation  of  z^  "J^ve  tho  roof,  iron  rods  should  be  80 
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arranged  that  the  shading  material  will  be  supported  at 
a  height  of  twelve  or  fifteen  inches.  By  means  of  ropes 
and  pulleys,  tlie  awnings  can  be  easily  raised  or  lowered. 
For  shading  cutting  benches,  there  is  nothing  better 
than  light  frames  covered  with  cotton  cloth,  although 
lath  screens  are  very  useful. 


CHAPTER  XV. 

GllSENHOUSE   HEATING. 

In  our  climate,  most  of  tho  plants  grown  in  green- 
houses require  artificial  heat  to  be  maintained  from  six 
to  nine  months  of  the  year,  in  order  that  natviral  condi- 
tions may  be  secured  for  them.  While  some  plants  are 
not  injured  by  exposure  to  thirty-two  degrees,  and  thrive 
best  at  forty-five  to  fifty  degrees,  the  so-called  stove 
plants  should  hare  seventy  degrees,  or  more,  and  to 
secure  these  temperatures  in  greenhouses  various  meth- 
ods have  been  devised. 

The  crudest  method  is  by  slowly  decomposing  vege- 
table materials,  and  allowing  the  heat  to  radiate  into 
the  air;  2d,  the  Polmaise  system,  wliicli  consists  in  pass- 
ing cool  air  over  a  hot  iron  surface,  and  directing  it  into 
the  house ;  3d,  by  burning  wood  or  coal  in  a  furnacO; 
and  directing  the  gaseous  products  of  combustion 
through  the  house  in  a  brick  or  tile  horizontal  chimney, 
known  as  a  flue ;  4th,  which  differs  only  in  the  method 
of  conveying  the  heat,  as  in  this  it  is  taken  up  by  water 
and  carried  wherever  needed  in  the  form  of  steam,  or  by 
the  circulation  of  the  water  itself. 

The  first  method  is  only  employed  in  hot  beds  and 
similiu*  structures;  the  srcond,  known  as  the  Polmaise 
eyo.cin,  is  not  adapted  fur  greouiiouse  heating,  although 
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»rhen  com'bined  with  the  flue,  it  is  sometimes  nsed.  In 
Bome  sections  of  the  country  the  flue  is  still  made  use  of 
in  heating  small  greenhouses,  but  by  most  florists  steam 
or  hot  water  is  preferred. 

Whatever  the  method  of  heating  used,  th?  average 
person  would  consider,  in  making  a  selection,  the  first 
cost  and  the  durability,  the  economy  of  fuel  and  attend- 
ance, and  the  efficiency,  both  as  concerns  the  amount 
and  the  regularity,  of  the  heat  suj^plied.  Among  other 
things  that  would  be  taken  into  account,  are  the  *5ven- 
ness  with  which  the  heat  would  be  distributed,  the 
length  of  time  the  systems  will  run  without  attention, 
and  the  effect  of  each  upon  plant  growth. 

HEATIN^G  WITH    HOT    WATER. 

This  system  was  one  of  the  first  to  be  used  for  the 
heating  of  greenhouses  in  modern  times,  and  it  is  claimed 
that  the  circulation  of  hot  water,  as  a  means  of  convey- 
ing heat,  was  used  by  the  old  Eomans  in  warming  their 
dwellings.  It  went  out  of  use,  however,  until  1777, 
when  a  Frenchman,  Bonnemain,  reintroduced  it.  An- 
cient as  the  method  is,  the  hot  water  heating  systems  of 
to-day  are  comparatively  modern  inventions,  and  bear 
little  resemblance  to  those  used  even  fifty  years  ago ;  ir 
fact,  the  change  has  been  so  recent  that  many  of  thfe 
systems  in  use  to-day  are  built  on  quite  different  princi- 
ples from  those  constructed  according  to  the  latest  ideas. 

HOT  WATER  IN"  THE    EARLY   DATS. 

The  Eomans  are  believed  to  have  used  bronze  circu- 
lating pipes,  and  the  first  pipes  used  for  heating  green- 
houses were  of  copper,  and  measured  four  to  five  inches 
in  diameter.  The  heaters  used  were  also  of  copper,  and 
generally  resembled  an  open  kettle,  resting  upon  a  brick 
furnace.  From  the  kettle  two  four-inch  pipes  ran  to 
the  other  end  of  the  house,  where  they  entered  a  copper 
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reservoir  (Fig.  3).  The  pipes  were  perfectly  lev«l,  and 
one  left  the  heater  at  the  top,  forming  the  flow,  while 
the  return  entered  at  the  bottom. 

For  thirty  years  previous  to  18S0,  the  usual  method 
of  heating  greenhouses  was  similar  to  the  one  described 
above,  except  that  closed  cast-iron  heaters  were  used, 
from  which  cast-iron  pipes  carried  tlie  water  about  the 
bouses,  ending  in  large  open  expansion  tanks  or  distrib- 
uting reservoirs. 

MODERN    HOT   "WATER   HEATING. 

Modern  heaters  aie  made  in  hundreds  of  designs, 
and  while  each  is  generally  claimed,  by  its  inventor,  to 
surpass  all  others,  it  is  a  hard  matter  to  decide  which 
one  is  really  best.  They  are  made  of  both  cast  and 
wrought  iron  (small  ones  may  be  made  of  copper,  zinc, 
etc.),  and  here,  at  once,  arises  a  disjmte  as  to  the  merits 
of  the  two  materials. 

The  wrought  iron  is  more  likely  to  rust  and,  during 
the  long  summer  months,  when  they  stand  unused  in 
the  damp  greenhouso  stoko-lioles,  they  often  suffer  severe 
injury.  The  wrought  iron  is,  also,  more  injured  than 
cast-iron,  by  the  sulphurous  and  other  gases  of  combus- 
tion and,  for  these  reasons,  it  is  claimed  by  some  that 
cast-iron  boilers  will  last  much  longer  than  those  of 
wrought  iron.  This  has  certainly  been  the  case  with 
some  heaters,  but  it  lias  been  due,  in  part,  to  the  fact 
that  many  heaters  have  been  made  of  common  gas  pipe, 
instead  of  the  double  strength  pipe  which  should  be 
used.  When  this  thin  pipe  is  threaded,  and  the  threads 
are  not  made  in,  the  surface  exposed  is  quickly  eaten 
through.  "When  no  pipes  smaller  than  one  and  one- 
fourth  inch  are  used,  and  these  are  double  strength 
boiler  flue  pipes,  the  durability  of  the  wrought-iron 
heaters  will  be  increased. 
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POINTS   FOR   A  HOT  WATER  HEATER. 

Aside  from  durability,  simplicity,  and  compactness 
of  construction,  the  following  points  in  the  make-up  of 
the  heater  should  be  considered :  1.  The  amount  and 
arrangement  of  the  direct  heating  (fire)  surface,  and  its 
proper  adjustment  to  the  grate  area.  2.  The  arrange- 
ment of  the  water  sections,  or  tubes,  and  the  circulation 
of  the  water  in  the  heater.  3.  Ease  of  cleaning  the 
flues,  and  the  arrangements  for  shaking,  dumping, 
removing  the  ashes,  regulating  the  draft,  etc.  4.  The 
character  of  the  joints,  and  the  ease  with  W'liich  leaks 
can  be  repaired^  and  breaks  mended. 

If  the  first  and  second  requirements  are  met,  we 
may  have  a  heater  that  is  efiicieut  and  economical  of 
fuel,  but  the  points  noted  in  the  third  have  much  to  do 
with  the  ease  of  firing  and  caring  for  the  heater,  while 
those  in  the  fourth  will  be  desirable  in  case  leaks  occur. 

1.       ARRANGEMENT   OF    THE   FIRE   SURFACE. 

It  is  "well  known  that  a  surface  arranged  at  right 
angles  to  the  fire  is  nearly  bwice  as  efficient  as  one 
that  is  parallel  to  it.  Unless  this  can  be  secured,  it 
necessitates  a  corresponding  increase  of  the  area  of  fire 
surface,  which  will  not  only  add  to  the  cost  of  the  boiler, 
but  will  render  it  more  cumbersome,  and  increase  the 
amount  of  circulation  of  water  in  the  heater.  When 
the  arrangement  is  such  that  horizontal  surfaces  cannot 
be  secui'ed  over  the  firepot,  the  same  effect  can  be,  in 
part,  obtained,  if  the  direction  of  the  draft  is  such  that 
the  flames  are  drawn  at  right  angles  towards  perpendicu- 
lar tubes.  When  this  can  be  brought  about,  it  affords 
very  effective  heating  surface,  and  is  not  objectionable ; 
on  the  contrary,  it  is  desirable  to  so  arrange  the  draft 
and  flues,  that  the  products  of  combustion  are  carried  in 
as  indirect  a  course  as  is  i)ossible,  and  yet  secure  a  proper 
draft  for  combustion,  removal  of  smoke,  etc.     By  doing 
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this,  and  by  repeatedly  bringing  this  heated  air  in  con- 
tact with  the  water  sections,  we  can  finally  lower  the 
temperature  down  approximately  to  that  of  the  water. 
The  nearer  we  approach  this,  the  greater  economy  shall 
we  find  in  the  heater. 

While  it  is  of  importance  that  heaters  have  ample 
grate  areas  and  a  good  draft,  the  amount  and  arrange^ 
ment  of  the  fire  surface  is  of  equal  importance.  To 
obtain  the  best  results,  the  grate  area  and  fire  surface 
should  be  carefully  adjusted ;  but  for  this  no  general 
rule  can  be  given,  as  some  heaters  have  their  surface  so 
nicely  arranged  that  the  heat  liberated  upon  one  square 
foot  of  grate  area  can  be  taken  up  by  fifteen  square  feet 
of  heating  surface,  while  in  other  heaters  thirty-five  or 
forty  feet  of  fire  surface  will  be  insufficieut.  In  a  gen- 
eral way,  a  square  foot  of  grate  surface  will  supply  two 
hundred  and  fifty  square  feet  of  radiating  surface,  but, 
as  a  rule,  it  will  be  more  economical  if  two  hundred 
square  feet  of  radiating  surface  is  taken  as  the  limit. 

2.       ARRANGEMENT   OF   THE    WATER   SECTIONS   AND 
TUBES. 

The  arrangement  of  the  fire  surface  will,  of  course, 
determine  the  position  of  the  v/ater  in  the  sections  and 
tubes,  bnt  will  not,  necessarily,  regulate  the  direction  of 
the  flow,  the  amount  of  water,  etc.  The  circulation  of 
the  water  in  the  ordinary  heaters  is  vertical,  horizontal, 
iU  drop  tubes,  or  a  combination  of  two,  or  even  all  three 
/of  these  ways. 

The  circulation  in  the  heater  should  be  as  short  as 
possible,  and  it  is  better  to  have  the  water  spread  out  in 
thin  sheets,  and  with  the  arrangement  such  that  the 
water  is  divided  into  a  number  of  portions,  each  of 
which  makes  a  single  short  circulation,  than  it  is  to  have 
the  entire  nuiss  of  water  that  flows  througli  the  heater 
i-armed  by  convection,  or  compelled  to  pass  in  a  zigzag 
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pourse  tlirougli  a  number  of  different  tubes  and  sections. 
In  this  way,  too,  the  friction  will  be  decreased  and  the 
circulation  improved. 

So  far  as  circulation  goes,  the  vertical  tube  tends  to 
reduce  friction,  and  to  this  extent  it  is  desirable.  On 
the  other  hand,  the  friction  produced  by  one  circuit  of 
the  "water  in  a  horizontal  section  is  so  slight  that  it  is 
often  more  than  counterbalanced  by  the  increased  effi- 
ciency of  the  horizontal  fire  surface. 

The  drop  tubes  used  in  many  boilers  present  a  very 
good  fire  surface,  as  the  ends  are  directly  over  tl'C  grate, 
and,  -13  the  water  circulation  is  vertical,  they  form  a  very 
effective  portion  of  the  heater.  When  large  tubes  are 
used  there  is  little  danger  of  their  filling  up  with  sedi- 
ment, and  the  principal  objection  that  can  be  urged 
against  them  is  that  the  water  cannot  be  drawn  off  from 
them. 

Another  tiling  that  it  is  desirable  to  secure,  if  possi- 
ble, is  the  bringing  of  the  i^roducts  of  combustion,  as 
they  are  about  to  leave  the  heater,  in  contact  with  tubes  or 
sections  containing  the  return  water.  It  can  be  readily 
seen  that  water  at  175°  coming  back  in  the  returns,  can 
still  take  up  heat  from  gases  that  have  been  in  contact 
w^ith  iron  surfaces  tliat  are  200°  or  more.  In  this  waj 
considerable  heat  will  be  saved  that  would  otherwise  pa3» 
up  the  smoke  nipe. 

3.       ARRAXGEilEXTS    FOR   CLEANING    AND    FIRING. 

It  is  self-evident  that  anything  that  adds  to  the  con- 
venience of  a  heater  will  be  desirable,  and  the  matter  oi 
shaking,  dumping,  and  regulating  of  drafts  should  be 
considered.  Of  especial  importance,  however  is  the 
matter  of  cleaning  the  flues.  Unless  ther:  is  "  great 
loss  of  heat,  a  heater  cannot  be  made  in  whi'^h  there  will 
not  be,  in  some  portion,  an  accumulation  of  soot,  and  if 
this  is  uuon  any  of  the  heating  surfaces  it  should  he 
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frequently  removed.  A  heater  in  whicli  the  flues  can- 
not be  kept  clean  is  of  little  value,  and  the  greater  the 
ease  with  which  it  can  be  done,  the  better.  If  the  sur- 
face requiring  cleaning  is  small  and  easily  cleaned,  the 
actual  trouble  would  be  very  slight,  and  although  the 
flues  of  some  heaters  are  practically  self-cleaning,  their 
heating  surface  may  be  less  effective,  which  would  more 
than  counterbalance  the  cleaning  required  by  the  other. 

4.       SIMPLICITY    OF    CONSTRUCTION'. 

Many  heaters  are  quite  intricate  in  their  construc- 
tion, and  the  different  ])arts  are  fastened  with  screw 
joints,  or,  as  is  more  common,  the  joints  are  packed  and 
the  parts  are  drawn  together  with  bolts.  Everything 
else  being  equal  the  fewer  joints  there  are,  the  less 
chance  there  will  be  of  leaks,  and  in  selecting  a  heatei 
this  should  be  considered,  as  well  as  the  character  and 
location  of  the  joints.  The  screw  joint  is  perhaps  the 
surest,  but  it  has  one  ejection,  particularly  in  wrought- 
iron  heaters,  as  the  threads  tend  to  increase  the  corrod- 
ing influence  of  the  sulphur  gases.  Packed  joints  are 
fairly  reliable,  but  it  is  desirable  that  they  be  easy  of 
access,  and  so  arranged  that  they  can  l)e  repacked  should 
serious  leaks  occur.  Some  of  the  sectional  heaters  are 
so  constructed  that,  if  one  section  is  broken  in  any  way, 
it  can  be  cut  out  of  the  circulation,  and  the  heater  can 
then  be  used  without  it  until  the  section  is  mended  or  a 
new  one  procured.  In  case  the  section  has  to  be  replaced 
by  another,  the  arrangement  should  be  such  that  the 
change  can  be  readily  made. 

While  all  of  the  points  ciumerated  above  are  deemed 
desirable  in  a  lieater,  it  can  still  be  of  great  value  if  it 
does  not  possess  one  or  more  of  thein ;  but  in  selecting 
a  heater,  while  the  fact  that  one  or  more  important  fea- 
tures were  lacking  might  not  prevent  its  being  chosen, 
it  would  be  well  to  take  the  one  which  comes  the  nearest 
to  possessing  them  t'"^ 
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PIPES  AND    PIPING. 

In  the  old  styles  of  Lot  water  plants,  the  pipes  were 
of  four-inch  east-iron,  put  together  with  slioulders  and 
packed  joints,  and  Avith  large  expansion  and  distributing 
tanks  at  the  ends  of  the  runs,  and  at  the  points  wnere 
the  brandies  left  the  main  lines.  In  the  modern  S3^stem 
two-inch  pipe  is  the  largest  used  for  the  coils,  while  one 
and  one-fourth  inch  and  one  and  one-half  inch  are  pre- 
ferred for  short  runs. 

Some  of  the  ail  vantages  of  the  modern  system  may 
be  stated  as  follows:  The  lengths  of  pipe  are  from  two 
to  nearly  four  times  as  long,  and  can  be  screwed  together 
instead  of  having  to  pack  the  numerous  joints;  there  is 
less  chance  of  leaky  joints  or  of  cracked  pipes ;  although 
the  cast-iron  four-inch  pipe  has  only  twice  the  radiating 
surface,  it  is  necessaiy  to  provide  four  times  the  amount 
of  water  for  the  circulation  that  the  two-inch  contains; 
on  account  of  the  size  and  weight  of  the  four-inch  pipft 
it  is  necessary  to  have  them  low  down  under  the  benches 
but  little  above  the  level  of  the  heater,  while  the  small 
wrought-iron  i)ipe  can  be  carried  in  the  very  angle  of  the 
jidge  if  desired,  and  thus  a  far  more  rapid  circulation 
can  be  maintained  than  witli  large  pipe ;  the  large  })ipe 
carrying  a  large  quantity  of  water  and  giving  a  slow 
circulation,  is  at  a  much  lower  temperature,  particu- 
larly on  the  returns,  and  a  smaller  radiating  surface  will 
suffice  when  small  pipe  is  used,  so  that  some  florists 
count  a  two-inch  wrought-iron  pipe  equivalent  in  heat- 
ing capacity  to  a  four-nich  cast-iron  pipe;  from  the 
7  97 
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large  pipe  the  amount  of  lieat  given  off  on  "briglit,  sunny 
days  when  it  is  not  needed,  will  be  from  two  to  four 
times  as  much  as  from  small  ones,  and  this  will  neces- 
sitate increased  ventilation  and  perhaps  cause  serious 
injury  from  drafts  of  cold  air,  to  say  nothing  of  the  loss 
of  heat ;  finally,  in  addition  to  the  points  enumerated 
above^  the  small  pipes  will  give  a  much  more  econom- 
ical circulation  than  the  large  ones,  they  can  be  carried 
to  a  much  gi-eater  distance,  and  the  heat  will  be  far 
more  even. 

It  has  been  claimed  that  the  large  piping  is  safer  to 
use,  as  it  will  hold  tbe  heat  longer.  This  is  undoubtedly 
true,  if  the  fire  is  allowed  to  go  out ;  but,  with  a  well- 
arranged  system,  a  regular,  even  temperature  can  be 
maintained  with  small  pii^es  for  ten  to  twelve  hours,  on 
mild  winter  nights,  and  seven  to  eight  hours  on  severe 
nights,  which  is  as  long  as  it  is  desirable  for  the  houses 
to  go  without  attention. 

The  term  "upward  pressure  "is  often  used  in  speak- 
ing of  hot  water  circulation  ;  but  although  it  is  a  con- 
venient one  to  use,  it  really  has  nothing  to  do  with  the 
circulation,  as  there  is  no  pressure  of  the  kind  exerted. 
Hot  water  has  a  doivnward  pressure  equal  to  its  own 
weight,  and  the  only  reason  for  circulating  is  that  the 
weight  of  the  hot  water  is  more  than  balanced  by  the 
weight  of  tlie  cooler  water  in  the  pipe,  and  it  passes 
upward,  pressed  out  of  the  way  by  the  heavier  cool  water 
which  pushes  into  its  place.  The  same  thing  can  be 
seen  in  a  kettle  of  water  Avhere  the  water  in  the  center  is 
warmed  and  is  pushed  to  the  top,  while  the  cool  water 
from  above  takes  its  place.  The  method  of  circulating 
in  a  hot  water  apparatus  can  be  best  understood  by 
reference  to  one  of  the  old  styles,  as  shown  in  Fig.  3 
(«  represents  the  heater,  e  the  expansi'^n  tank,  and  g  the 
flow  and  return  pipe).  Let  us  suppose  that  a  fire  is  built 
under  the  boiler,  and  that  the  water  contained  therein 
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becomes  warm,  the  same  as  in  an  ordinary  kettle.  It  is 
known  that  water  when  warmed  from  39°  to  212°  in- 
creases in  bulk  one  t»venty-fourth.  If  the  water  in  a 
is  "warmed  up  to  the  boilin;^  point  it  has  decreased  in 
"weight,  per  cubic  inch,  one  twenty -fourth.  The  "watei 
then  in  e  is  one  twenty-fourth  heavier  than  in  a,  and,  to 
establish  an  equilibrium,  the  water  in  e  will  pass  along 
the  lower  pipe  to  a,  crowding  the  ligbter  water  into  the 
upper  pipe. 

If  the  heat  is  continued,  other  jiarticles  are  set  in 
motion  the  same  "n'ay,  and  the  rapidit}'  of  the  circulation 
"will  increase  until  it  is  balanced  by  the  friction.  The 
circulating  force  is  governed  by  the  comparative  weight 
of  the  warm  water  in  tlie  different  parts  of  the  system. 
Tlie  pressure  of  the  "neater  varies  with  the  height  of  the 
columns,  as  well  as  the  temperature  of  the  "water.  If 
the  height  of  the  columns  is  increased,  the  difference 
between  the  weights  of  the  two  columns  will  be  increased 
in  about  the  same  ratio,  and  as  this  difference  in  weight 
is  "what  causes  "water  to  circulate,  the  reason  for  the 
success  of  the  overnead  system  of  i^iping  can  be  readily 
seen.  The  sam3  effect  could,  ho"wever,  be  secured  were 
it  convenient  to  do  so  by  lowering  the  heater. 

There  has  been  considerable  discussion  for  many 
years  as  to  the  be?t  "way  of  running  the  pipes,  but  even 
now  very  few  persa"s  agree  as  to  the  jiroper  method  of 
arranging  them. 

HOW   ^HALL  THE   PIPES   SLOPE? 

Among  the  various  methods  are  the  '*  up-hill," 
*' down-hill,"  and  "level," and  these  are  shown  in  Fig.  57, 
1,  2,  and  3  ;  the  last,  however,  is  not  desirable  "when 
small  pi])ts  are  uspd.  In  each  case  the  height  of  the  flo"W 
pipe  at  tlie  point  viiere  it  starts  to  make  a  circuit  of  th? 
house  is  six  feet  ab')VO  the  bottom  of  the  boiler,  but  in 
the  first  case  the  pip^  ri>"is  o»^  "^oot  'n  parsing  tbrcugb 
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the  hoijse  ;  in  the  second  it  falls  a  foot,  and  in  the  third 
it  does  not  change  its  level.  In  changing  direction  at 
the  farther  end,  a  foot  fall  is  made  by  each  pipe,  and  on 
the  return  a  fall  of  one  foot  is  made  by  the  first  and 
second  systems,  while  the  third  remains  at  the  same 
height  until  it  has  nearly  reached  the  heater,  when  it 
drops  to  the  level  of  the  bottom  of  the  heater. 

The  "pressure"  is  determined  by  the  relative  weight 
of  the  water  on  either  side  of  the  highest  point  of  the* 


(1) 


(3) 


(3) 


FIG.    57.      THE  SLOPE  OF  THE  PIPES. 

jvptem,  and  it  would  have  been  a  fairer  comparison  had 
t';o  flow  pipe  for  the  "up-hill"  system  left  the  heater  at 
;i  h;'ii:ht  of  five  feet  rather  than  six,  as  the  highest  point 
1  I  ou-]\  system  would  then  have  been  six  feet  above  the 
i)ort'.:i  of  th.c  boiler.  When  the  size  and  the  length  of 
Ih  ■  [re,  tlie  connections,  etc.,  a^e  the  same,  the  system 
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that  is  arranged  to  give  the  greatest  difference  between 
the  weights  of  the  water  on  either  side  of  tlie  highest 
point,  will  have  the  best  circulation,  everything  else  being 
equal.  For  convenience  let  us  consider  that  in  each 
system  the  "flow"  pipe  extends  from  the  heater  to  the 
highest  point  of  the  piping,  and  the  returns  extend  from 
that  point  back  to  the  boiler,  entering  at  the  bottom. 
To  secure  a  good  circnlation,  the  water  in  the  flow  pipe 
should  be  as  light  (hot)  as  possible,  and,  that  it  may  not 
be  subjected  to  cooling  influences,  the  i)ipe  should  be  as 
short  as  possible.  If  the  flow  pipe  is  short,  then  the 
highest  point  in  the  system  must  be  near  the  heater. 

In  order  that  there  may  be  a  difference  in  the  weight 
of  the  two  columns  of  water,  that  in  the  return  pipes 
should  be  as  heavy  (cool)  as  possible,  and  this  can  be  best 
secured,  everything  else  being  equal,  if  the  distance  is 
considerable.  Turning  to  the  illustration  we  shall  see 
that  the  highest  point  in  (3)  and  (3)  is  directly  over  the 
heater,  while  in  (1)  it  is  at  the  extreme  end  of  the  system  ; 
the  return  in  (1)  is  only  one-half  as  long  as  in  (2)  and  (3), 
so  that  the  cooling  will  be  only  about  one-half  as  great. 

As  we  wish  to  keep  the  water  in  the  pipe  between 
the  heater  and  the  highest  point  of  the  system  from 
cooling,  a  large  pipe  should  there  be  used,  while,  as  it 
is  desirable  to  cool  off  the  water  in  the  returns,  the 
remainder  of  the  system  should  be  of  small  jupe.  Con- 
sidering the  average  temperature  of  the  w\atcr  in  the  flow 
pipe  to  be  200°  P.,  and  that  in  the  returns  170'^,  a  cubic 
foot  of  the  latter  will  be  one-eightieth  heavier  than  a 
cubic  foot  of  water  at  200°.  If  a  pipe  one  foot  high 
contains  one  pound  of  water  at  200°,  the  same  pipe  will 
hold  1.0125  pounds  of  water  at  3  70°,  and  were  the  two 
united  there  would  be  a  ''])ressurc"  of  .0125  of  a  pound. 
Were  each  pipe  ten  feet  long,  the  water  in  one  would 
weigh  ten  pounds  and  in  the  other  10.125  pounds,  and 
there  would   be   a  pressure  of  an  eighth  of  a  i^ound^ 
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while  at  eighty  feet  there  would  be  one  j)ouud  pressure^ 
or  eighty  times  as  much  as  at  one  foot. 

It  will  thus  be  seen  that  the  pressure  increases  with 
the  height  of  the  columns.  As  we  wish  to  have  as  much 
weight  as  possible  in  the  returns,  they  should  be  brought 
back  to  a  point  near  the  heater  at  as  near  a  level  as  pos- 
sible, and  at  the  greatest  convenient  height.  As  just 
shown,  if  a  flow  pipe  is  filled  with  water  at  200°  and  we 
:!onsider  it  to  weigh  one  pound  for  each  foot  of  pipe, 
there  will  be  a  pressure  of  .125  of  a  pound  from  a  return 
filled  with  water  at  170°  F.,  if  the  pipes  are  each  ten 
feet  high.  Tliis  would  be  the  pressure  then  in  a  hot 
water  apparatus  under  the  above  conditions,  {.  e.,  the 
flow  pipe  rises  ten  feet  above  the  heater,  and  passing 
through  the  house  returns  to  a  point  over  the  heater, 
without  changing  its  height. 

On  the  other  hand,  suppose  that  after  i:)assing  to  the 
farther  end  of  the  house  it  drops  jierpendicularly  five 
feet  and  returns  at  that  level  to  the  heater.  There  will 
then  be  a  head  of  five  feet  where  the  water  has  a  tem- 
peratui'e  of  185°  and  of  five  feet  when  it  has  cooled  down 
to  170°,  and  we  should  have 

(185°)  1.0057X5=5.0285 
(170°)  1.0125X5=5.0625 

10.0910-10.=. 0910  lbs. 

As  compared  with  a  pressure  of  0.125  of  a  pound  when 
the  return  was  ten  feet  high,  this  shows  a  pressure  of 
only  .0910  of  a  pound,  or  a  loss  of  .034  of  a  pound  as 
compared  with  the  other  method.  In  order  to  allow  the 
air  to  escape,  the  pipes  cannot  be  carried  on  a  level,  and 
hence  as  the  next  best  method  they  should  be  given  a 
gradual  fall  throughout  their  length,  taking  pains  to 
keep  them  as  high  as  possible  in  order  to  secure  pressure. 
While  it  will  be  best  to  have  long  straight  runs,  with  the 
same  slone  throughout,  if  necessary  there  may  be  vaj'i- 
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ous  cTiangcs  in  tlie  level  of  the  pipes,  and  circulation  can 
till  be  kei)t  up,  provided  tlie  Tiecessary  vents  for  remov- 
ig  the  air  are  provided,  and  tlie  pressure,  as  explained 
above,  is  sufficient  to  overcome  all  friction. 

In  some  cases  the  dovvn-liill  piping  (2),  Fig.  57, 
cannot  be  used  to  advantage,  and  the  up-hill  system  (1). 
will  serve  the  pur])ose.  "With  the  slight  difference  in 
level  that  can  be  secured  in  greenhouse  iieating,  particu- 
larly if  the  pipes  are  under  the  bench,  the  difference  in 
efficiency  will  h  irUy  be  noticeable.  Theoretically,  the 
level  piping,  as  in  Fig.  57  (3),  gives  the  greatest  pressure  ; 
the  down-hill  system  comes  next,  and  the  up-hill  piping 
gives  the  least  pressure,  although,  as  piped  in  Fig.  57  (1), 
the  pressure  with  a  coil  seven  feet  high  is  iibout  the  same 
as  with  the  level  piping  in  a  coil  six  feet  high. 

OVER   vs.    UNDER   BENCH    PIPING. 

It  is  unquestionable  that  if  all  the  pipes  are  above 
the  benches,  the  circulation  will  be  better  than  if  all,  or 
even  a  part  of  them,  are  below.  If  one  or  two  pipes  are 
placed  upon  each  ])late,  and  the  others  near  the  purlins, 
the  amount  of  light  obstructed  will  be  comparatively 
small ;  the  heat,  however,  will  not  be  as  well  distributed 
as  if  the  pipes  are  spread  out  below  the  benches.  Experi- 
ments to  test  the  matter  have  shown  little  if  any  differ- 
ence in  the  results,  whether  all  of  the  pipes  are  above  or 
below  the  benches,  but  with  the  feed  pipe  above  the 
bench  and  the  coils  below,  there  is  an  improvement  in 
circulation,  and  fully  as  good  if  not  better  growth  of 
plants  as  when  all  are  below,  and  this  plan  should  be 
used  whenever  practicable. 

The  principal  benefits  from  overhead  piping  are  (1) 
the  melting  of  snow  and  ice  on  the  roof,  (3)  taking  the 
chill  from  cold  drafts  of  air  and  (3)  drying  off  the 
plants  after  syringing,  all  of  Avhich  will  be  largely  done 
by  the  overhead  main.     The  overhead  system,  moreover. 


lOi  GREENHOUSE    CONSTRUCTION. 

carries    the  coils   higher  than  they  are  in  the  under- 
bench  system  and  a  more  rapid  circulation  is  secured. 

Some  houses  have  b/;3n  piped  with  the  flow  pipes 
under  the  side  bencbe?.,  and  the  returns  above  the 
benches.  While  this  gj'ves  a  good  circulation,  better 
results  can  be  obtainGfl  if  the  pipes  are  placed  in  the 
same  way  except  that  tlie  overhead  pipes  are  attached 
to  the  flow  pipe  from,  the  boiler,  and  those  under  the 
benches  to  the  letnrns.  The  returns  under  the  bench 
can  either  be  of  the  same  size  as  those  above,  or  of  a 
larger  size. 


CHAPTER   XVII. 

SIZE   AND   AMOUNT   OF    PIPE. 

The  size  of  pipe  best  suited  for  the  coils  depends 
upon  the  length  as  well  as  upon  the  height  of  the  coils. 
Considered  as  radiating  surface  only,  one-inch  pipe  would 
be  preferable,  but,  except  for  very  short  runs,  since  the 
friction  increases  as  the  size  of  the  pipe  decreases,  a 
larger  size  should  generally  be  used.  Inch  and  one- 
quarter  pipe  can  be  used  to  advantage  in  coils  not  over 
forty  feet  long,  and  if  the  height  is  sufficient,  the  length 
may  be  considerably  increased.  For  coils  up  to  seventy- 
five  feet  in  length,  one  and  one-half  inch  pipe  v/ill  be 
entirely  satisfactory.  Two-inch  ])ipc  will  wo:k  well  up 
to  one  hundred  and  fifty  feet,  but  it  is  better  in  all 
houses  over  one  hundred  feet  long  to  use  two  or  more 
short  coils  of  one  and  one-half  inch  pijie.  In  this  way, 
by  having  proper  flow  and  return  pipes  connected  with 
the  coils,  houses  three  hundred  feet  long  can  he  heated 
with  hot  water. 

If  it  can  be  so  arranged,  however,  it  will  be  better 
to  have  houses  one  hundred  ;inil  fii'tv  feet  lon<r  on  either 
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side  of  a  potting  slied  and  connecting  passage,  ^\■hich 
will  really  make  houses  three  hundred  feet  long  while, 
with  the  heater  located  at  the  center,  they  will  be  only 
one  hundred  and  fifty  feet  in  length  so  far  as  the  heat- 
i)ig  ajiparatus  is  concerned. 

SIZE   FOll   MAINS. 

In  determining  the  size  for  the  feed  jiipes  the  length 
of  the  house  hna  the  height  that  tlie  coils  will  have,  should 
be  considered,  as  well  as  the  number  of  square  feet  of 
radiation  to  be  supplied.  For  houses  of  average  length, 
and  with  the  average  height  of  the  coils  six  feet  above 
the  bottom  of  the  heater, 

2  inch  pipe  wiU  supi^ly  200  to    300  square  feet  of  jadiation. 

3  '«  "  "  600  to     800         "  "  " 

31/3     "  "       "        800  to  joeo       •'  "  " 

With  long  coils  and  light  pressure  these  figures  will 
need  to  be  slightly  reduced,  but  if  the  runs  are  short 
and  the  coils  elevated  they  may  be  increased  fifty  per 
pent. 

TO    ESTIMATE    RADIATIOX. 

In  computing  the  amount  of  radiation  required  for  a 
house,  the  climate,  exposure,  construction  of  the  house, 
and  the  amount  of  exposed  wall  surface  should  be  con- 
sidered, as  well  as  the  temperature  to  be  maintained. 
When  the  walls  are  high  or  poorly  built,  or  if  the  roof 
is  not  tight,  allowance  should  be  made  for  it  by  adding 
to  the  glass  surface  one  foot,  for  every  five  feet  of 
exposed  wall,  and  a  corresponding  increase  for  the  poor 
glazing. 

In  most  parts  of  the  country  we  can  reckon  that 

square  foot  of  pipe  wiU  heat  to  40"^  4V2  square  foot  of  glass. 

"       50^  4  "  "  " 

<i  "  "  ..  "       55^  31/a         "  "  " 

«  .<  ..  <i  .<       60=  3  "  "  •' 

It  II  •!  11  II        f,5-i  21/0  "  "  ** 

U  U  «4  u  11  7QO   2  ««  «  •• 
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While  a  slightly  higher  estimate  would  be  ?afe,  it  is 
economy  to  have  an  abundant  radiation,  esjiecially  for 
tropical  houses. 

In  estimating  the  surface  of  wrought-iron  pipe, 

1  inch  T  ipe  is  ■.eckotiert  nt  .344  square  foot  per  linear  foot. 
11,4       •'  "  "        434        "  •' 

11/2       "  "  "       .497        '•  "  "  " 

2  "  "  <i       .621        "  "  "  " 

PIPING   THE   HOUSES, 

In  arranging  the  heating  pipes  we  can  jjlace  them 
all  under  the  benches,  have  them  all  above  the  benches, 
or  the  flow  pipes  may  be  over  the  tables  and  the  returns 
nndcrneath.  If  tlie  under-bench  system  is  used,  the 
arrangement  shown  in  Fig.  58  is  a  good  one.  When  the 
house  is  one  hundred  and  fifty  feet  long  a  three-inch 


PIG.    58.        UNDER     BENCH     PIPING,    WIDE     EVEN     SPAN 
HOUSE. 

flow  pipe  will  be  needed  for  each  of  tlie  side  benches. 
(A  two-inch  pii)e  will  answer  for  a  house  one  hundred 
feet  long.)  AYheu  the  coils  are  of  one  and  one-half  inch 
pipe  there  should  be  two,  each  seventy-five  feet  long, 
u^jon  each  side,  or  three  of  fifty  feet  each.     AYith  two  coils 
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the  mains  should  enter  the  house  close  to  the  bottom  of 
the  bench,  and  falling  at  the  rate  of  one  inch  in  twenty 
feet  should  pass  to  the  middle  of  the  house,  where  a  two- 
inch  branch  should  be  taken  off  at  the  side  by  means  of 
a  hot  water  T  ,  the  main  should  be  continued  by  means 
of  a  two-inch  pipe  to  the  farther  end  of  the  house,  whert 
it  should  connect  with  the  coil. 

In  a  house  one  hundred  feet  long  the  two-inch  feed 
P3P'  should  be  run  in  the  same  way  as  the  above,  except 


FIGc    59.       UNDER     BENCH     PIPING     FOR     NARROW    EVEN 
SPAN   HOUSE. 

that  the  branches  should  be  of  one  and  one-half  inch 
pipe.  If  desired,  however,  tiie  coil  can  be  of  two-inch 
pipe,  in  one  piece.  The  return  pipes  shouid  fall  towards 
the  heater  at  the  rate  of  one  inch  in  ten  or  twelve  feet. 
If  the  bench  is  too  low  to  admit  of  a  proper  fall  of  thd 
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flow  pipe  from,  and  of  the  return  towards  the  heater,  the 
flow  may  be  giyen  a  gradual  rise  to  the  farther  end,  and 
thus  a  fall  can  be  secured  for  the  returns. 

Another  m.ethod  that  will  be  jireferable  to  either  of 
the  above  when  the  bench  is  high  enough  to  give  a  fall, 
or  if  the  return  can  be  placed  below  the  level  of  the 
walk,  is  to  attach  the  feed  pipes  to  the  coils  at  the  end 
nearest  the   heater.     The    coils   can    then    be   given  a 


FIG.    60.      OVERHEAD    PIPING,    SHORT    SPAN  TO   THE 
SOUTH    HOUSE. 

fali.  from  the  heater,  and  the  returns  can  come  back 
underneath.  The  arrangement  of  the  pipes  in  a  narrow 
even  span  house  to  be  heated  to  forty-five  degrees  h 
shown  in  Fm.  59. 


OVERHEAD    PIPING. 

In  carnation  and  other  cool  houses  where  the  amount 
of  pipe  is  so  small  that  it  can  be  carried  upon  the  plate 
and  purlin.^,  and  })articularly  in  "short-span  to  the  south" 
houses,  the  overhead  piping  will  perhaps  be  desirable. 
The  feed     ipe  can  be  carried   upon  the  ridge  posta 


PIPING   THE    HOUSES. 


109 


(Fig.  60),  and  the  returns  arranged  {  s  shown  in  the 
sketch,  or  the  flows,  as  several  small  pii)es,  may  be  above, 
and  the  returns,  as  one  or  two  Uirge  ones,  below. 

COMBINED    OVERHEAD   AND    DNDER-BENCH    PIPING. 

For  most  commercial  establishments  the  above 
arrangement  will  bo  preferable  to  having  all  the  pipes 
above,  or  all  nndei  tiie  benches.  One  method  is  illus- 
trated in  Fig.  Gl,  iii  v\]"iicli  the  main  is  carried  near  the 
ridge,  and  the  returns  h^  vertical  coils  uuon  the  be'ach 
legs.     In  the  north-side  jiJ-^rpagating  housie,  all  of  the 


0^  A^ 


PIG.     61.        COMBIXED     OVERHEAD     AND 
PIPING. 


(JNPEB -BENCH 


pipes  are  under  the  bench.  For  an  even-span  house  one 
hundred  feet  long  and  twenty  feet  wide  to  be  carried  at 
sixty-five  degrees,  the  arrangement  illustrated  in  Fig.  63 
will  give  good  results. 

With  a  good  fall,  one  and  one-half  inch  pipes  in  the 
coil  can  be  used  for  a  long  run.  but  it  will  generally  be 
better  to  make  two  coils  ou  a  side,  each  fifty  feet  long. 
At  the  middle  of  the  house,  feed  jiipos  (one  and  one-half 
inch)  can  be  taken  oflF  to  feed  the  first  coils,  and  the  maia 
can  be  extended  as  a  two-inch  pipe  to  the  end  of  the 
house,  whei'e  branch  pi])es  can  be  connected  with  the 
other  coils.     Fig.  G3  illustrates  a  method  of  piping  a 
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forcing  liouse  one  linndred  and  fifty  feet  long  and  twenty 
feet  wide  that  is  to  be  kept  at  sixty-five  degrees.  The 
coils,  as  in  Fig.  02,  are  placed  horizontally,  which  prob' 
ably  makes  them  more  efficient  than  when  they  are 
arranged  yertically.  Fig  8i  shows  a  method  of  arrang- 
ing the  heating  pipes  under  the  be^  hes  that  can  be  used 
when  there  is  a  bench  across  the  farther  end  of  the 
house.  As  the  m  in  is  somewhat  elevated,  it  has  some 
of  the  merits  of  the  combined  system.  It  will  be  noticed 
that  although  Figs.  52,  G3,  and  81  are  designed  to  illus* 


FIG.    62.       COMBINED    PIPING,    EVEN    SPAN   HOUSE, 

100X20  feet;  05  ijegrees. 

trate  methods  of  piping,  they  also  s'.iow  various  ways 
of  building  the  walls,  ventilators,  posts  and  braces, 
benches,  etc. 

PIPING    NARROW    HOUSES. 

In  low  and  narrow  houses  the  same  methods  of 
piping  can  be  used,  making  ])roper  reductions  in  the 
number  of  the  pipes  in  the  coils,  and  in  the  size  of  the 
main.  Thus,  for  a  span-roof  house  twelve  feet  wide  and 
one  hundred  feet  long,  to  be  kept  at  fifty  degrees,  a  two- 
inch  pipe  at  the  ridge  will  feed  three  one  and  one-half 
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inch  returns  under  each  bench,  or,  if  the  under-hench 
sj'stem  is  to  be  used,  a  two-inch  flo-w  on  each  side  will 
feed  two  one  and  one-half  inch  returns.  Still  another 
method  would  be  to  use  two  one  and  one-half  incli  flow 
pipes  under  each  bench,  to  feed  the  same  number  of 
returns. 

The  heating  surface  will  be  most  eflScient  if  it  is 
distributed  evenly  under  the  benches,  but  as  they  will 
then  occupy  considerable  space  that  could  be  occupied 
by  mushroom  beds  (Fig.  58)  or  for  other  purposes,  it  will 
generally  be  preferable  to  group  them  under  the  side 
benches. 

In  building  the  coils,  cast-iron  headers,  or,  better, 
manifolds  built  up  of  Ts  and  nipples,  can  be  used  at  one 


COMBINED    PIPING    FOR   FORCING    HOUSE, 

150X30  feet;  05  degrees. 

end  of  straiglit  runs,  biit  on  account  of  danger  from 
the  unequal  expansion  of  the  pipes,  a  mitre  should  be 
arranged  if  headers  are  to  be  used  at  both  ends.  The 
coils  can  be  carried  across  the  end  of  the  house  and  end 
in  headers  at  the  center,  to  which  branches  from  the 
feed  ]M])e  can  be  attached,  as  in  Fig.  64. 

The  overhead  mains  can  be  fastened  to  the  posts  by 
means  of  cast-iron  brackets,  while  under  the  bench  thej 
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can  be  supported  by  pipe  hooks  upon  the  bench  legs. 
The  vertical  coils  can  be  fasteued  in  the  same  way,  and 
the  horizontal  coils  can  be  supported  as  in  Fig.  63,  or 
upon  pieces  of  gas  pipe  suspended  from  the  bench  cross- 
bearers  by  iron  hooks,  as  seen  in  Figs.  58  and  63. 

VALVES   AND    EXPANSION^   TANK. 

In  order  to  regulate  the  flow  of  the  water  through 
the  coils,  there  should  be  angle  or  gate  valves  upon  the 
returns,  or  upon  the  branch  feed  jiipcs,  und  if  it  is  desir- 
able to  arrange  the  house  so  that  heat  can  be  shut  oif  for 


FIG.    64.      AKRANGEMENT  OF  THE   COILS. 

a  portion  of  the  winter,  there  should  be  valves  on  both 
the  flow  and  return  mains  where  they  enter  the  house, 
with  a  draw-off  cock  so  that  the  water  can  be  removed. 

The  expansion  tank  should  be  raised  as  high  above 
the  mains  as  possible,  and  connected  with  it  (at  the 
highest  point,  in  case  the  piping  is  down  hill),  by  a  pipe 
from  one  to  two  inches  in  diameter,  according  to  the 
extent  of  the  system.  The  elevation  of  the  tank  in  no 
way  affects  the  circulation,  as  it  merely  raises  the  boiling 
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point  of  the  water.  The  tank  may  be  of  galvanized  iron, 
without  a  cover,  with  the  expansion  pipe  connected  with 
the  bottom,  aud  an  overflow  pipe  attaclied  about  two- 
thirds  the  way  up  the  side,  or  a  riveted  boiler-iron  closed 
tank  with  the  same  connections  and  a  water  gauge  on 
the  side. 

HOT   WATER    UKDER-PRESSURE. 

When  the  down-hill  system  is  used,  many  florists 
combine  a  closed  exjiansion  tank  with  it.  The  tank 
should  be  of  boiler-iron  with  top  and  bottom  securely 
riveted  on  ;  thus  far  it  does  not  differ  from  those  com- 
monly used  in  the  open  system.  The  only  difference  is 
that  there  is  no  vent  in  the  top  of  the  tank,  and  that 
there  is  a  safety  valve  on  the  overflow,  which,  as  in  the 
open  tank,  carries  the  waste  water  to  a  drain. 

The  closed  tank  has  the  same  effect  as  does  the 
elevated  one,  and  merely  raises  the  point  to  which  the 
water  can  be  heated  without  forming  steam.  One 
advantage  of  this  is  that,  when  water  is  carried  at  230°, 
much  less  heating  jDij^e  is  required  than  when  it  is  only 
160°,  but  a  serious  objection  is  that  it  now  has  one  of 
the  faults  of  steam  as,  at  this  temperature,  more  heat 
will  be  carried  up  the  chimney  with  the  products  of 
combustion,  than  when  the  water  is  180°.  It  is  an  ex- 
cellent plan  to  have  the  house  supplied  with  sufficient 
radiating  surface  to  maintain  the  required  temperature 
in  the  average  winter  weather  with  an  open  tank,  but  to 
have  the  system  provided  with  a  safety-valve,  which 
could  be  thrown  on  when  it  became  necessary,  in  order 
to  keep  up  the  temperature  when  the  thermometer  goes 
down  below  zero. 

Unless  the  down-hilPsystem,  -with  the  tank  at  the 

highest   point,   is  nsed,  air  vents  should   be   provided, 

wherever  the  pipe  takes  an  upward  turn,  at  the  highest 

points.     Air  cocks  can  be  used,  or  quarter-inch  gas  pipes 
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carried  above  tlie  level  of  the  expansion  pipe  will  answer 
and  are  preferable  if  the  tank  is  not  much  elevated. 

CHANGES  OF  DIRECTION  AND  LEVEL. 

If  for  any  reason  it  becomes  necessary  to  change  the 
direction  or  the  level  of  the  pipes,  it  should  be  the  least 
amount  possible,  and,  in  doing  it,  45°  ells,  reducing 
tees,  etc.,  should  be  used.  If  necessary,  the  main  pipes 
can  be  changed  from  their  course  and  run  over  or  under 
an  obstruction,  and  they  can  even  be  carried  below  the 
level  of  the  heater,  but  it  should  not  be  done  unless 
there  is  an  abundant  pressure.  In  all  downAvard  changes 
of  level,  the  force  required  to  bring  the  T^ater  back  to  its 
original  level  will  be  in  proportion  to  th«  cooling  that 
takes  place  between  the  fall  and  rise.  Every  change  in 
direction  increases  the  friction  and  decreases  the  flow. 

CONNECTING  THE  DIFFERENT  STSTRMS. 

If  there  is  a  range  of  houses  to  be  com»,ected  with 
one  system,  the  arrangements  will  need  to  he  such  as 
will  suit  the  conditions.  If,  as  is  very  convenient,  the 
houses  have  a  common  head  house,  the  heater  can  be 
situated  in  the  center,  and  the  feed  mains  can  be  carried 
along  the  wall  of  the  head  house,  just  above  the  doors 
that  open  into  the  greenhouses,  and  the  branches  can 
be  taken  off  from  this.  The  returns  can  be  connected 
in  much  the  same  way,  but  the  return  main  will  be  below 
the  level  of  the  coils. 

FOUR-INCH  HEATING  PIPES. 

Although  an  expensive  method  of  piping  and  heat- 
ing greenhouses,  many  florists  prefer  to  use  four-inch 
pipes.  The  pipes  must  all  be  under  the  benches,  upon 
substantial  brick  piers.  If  air  vents  are  provided  at  fre- 
quent intervals  the  pipes  may  be  level ;  otherwise  a  slight 
down-hill  arrangement  will  be  preferable.  The  jointa 
should  bo  packed  firmly  with  oakum  or  tarred  rope,  with 
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iron  cement  or  Portland  cement  between  the  layers,  and 
at  the  outer  edge  of  the  joint.  If  the  runs  are  long  the 
pipes  should  rest  on  gas-pipe  rollers,  that  expansion  and 
contraction  may  not  break  the  joints. 

PIPI>fG  I>T  ge:s^£RAL. 

The  same  general  rules  as  to  the  arrangement  of  the 
pipes  apply  to  all  kinds  of  houses,  and  will  only  need  to 
be  slightly  modified  to  suit  the  various  conditions.  For 
large  conservatories,  particularly  if  the  center  of  the 
house  is  filled  with  plants  growing  in  the  ground,  it  will 
be  necessary  to  have  all  of  the  pipes  arranged  in  stacks 
along  the  sides,  or,  if  desired,  cast-iron  radiators  can  be 
used. 


CHAPTER  XVin. 


HOT  WATER  HEATERS. 

In  the  illustrations  of  heaters  presented,  the  selec- 
tion was  made  with  the  idea  of  showing  the  construction 
of  different  types  rather  than  of  advocating  the  use  of 

any  particular  heat- 
er. While  we  can 
recommend  most  of 
these  from  our  own 
experience,  there 
are  other  heaters 
that  may  be  fully  as 
effective. 

The  Carmody 
heater  (Fig.  65)  is 
selected  as  the  tvpe 

FIQ.   65.      CARMODY    HEATER.         ^^  ^^^   ^.^^.^^-^.^^  g^^. 

tional  heaters.     They  are  of  a  very  durable  construction 
audf  like  others  of   ^-h**  c?*^*'    possess  the  important 


116 


GREENHOUSE    CONSTRUCTION. 


advantage  of  permitting  the  addition  of  other  sections, 
should  it  at  any  time  become  necessary.     The  water  cir- 


FIG.    66.      HITCHINGS*  HEATER. 

culation,  for  the  most  part,  is  vertical,  and  the  flues  are 
arranged  to  give  an  effective  heating  surface. 


FIG.    67.      WEATHERED   CONICAL  HEATER. 

In  some  respects  similar  to  the  Carmody,  hut  differ- 
Uig  m  being  non-sectional,  are  such  well-known  heaters 
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as  fhe  Hitchings,  Smith,  and  Weathered.  They  differ 
principally  in  the  arrangement  of  their  fire  surfaces.  In 
the  Hitchings'  corrugated  heater,  of  which  a  longitud- 
inal section  is  shown  in  Fig.  G6,  the  fire  surface  is 
increased  by  means  of  rounded  corrugations,  while,  in 
the  Smith,  the  corrugations  are  replaced  by  quite  deep 
square  cells. 

Few  heaters,  with  equal  grate  areas,  will  surpass 
those  of  this  class  in  the  amount  of  heat  they  will  fur- 
nish, or  in  the  economy  of  their  coal  consumption.  For 
cool  houses,  or  when  carrying 
about  two-thirds  of  their  full 
radiation,  they  give  very  satis- 
factory results.  While  their 
fire  surface  is  yery  effectively 
arranged,  it  is  rather  small  for 
the  grate  area,  and,  in  case 
the  heaters  are  working  up  to 
their  full  ca2:)acity,  in  very 
cold  weather,  there  Avill  be  a 
considerable  loss  of  heat 
through  the  smoke  flue.  With 
these  heaters,  as  with  others, 
it  is  economy  to  select  one  t^i 
that  is  a  size  larger  than  would 
be  really  necessary.  For  small 
greenhouses  the  Weathered 
Conical  Heater  (Fig.  67)  or  ^^^'  ^^-  spence  heater. 
others  of  similar  construction  will  be  found  quite  pow- 
erful and  efficient. 

In  Fig.  68  we  present  the  Spence  as  showing  the 
general  form  of  the  horizontal  sectional  heaters.  The 
fire-pot  is  surrounded  with  a  Avater  Jacket  so  that  a  fire- 
brick lining  is  not  required.  The  sections  are  arranged 
parallel,  one  above  the  other,  over  the  fire-pot.  The 
eonstruction  of  the  flues  is  such  as  brings  the  prodactt 
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of  combustion  repeatedly  in  contact  with  the  heating 
surface,  and  if  this  is  not  sufficient  to  absorb  all  of  the 
heat,  the  difficulty  can  be  corrected  by  the  addition  of 
more  sections.  The  first,  third,  and  fifth  sections  are 
shown  in  Fig.  69,  and  the  second  and  fourth  in  Fig  70, 
The  water  is  spread  out  in  a  thin  sheet  in  the  sections 
and  cannot  enter  the  feed  pipes  until  it  has  made  a  com- 
plete circuit  of  one  section.  By  the  arrangement  of  the 
water  column  in  the  rear,  the  water  having  passed  through 
one  section,  is  prevented  from  entering  another.  The 
points  claimed  for  this  heater  are,  economy  of  fuel,  per- 
fect and  rapid  circulation,  readiness  of  cleaning,  few  and 
tight  joints,  and,  in  case  of  leakage  or  breaks,  the  readi* 


FIQ.  69.      SPENCE  HEATER.      FIG.  70.     SPENCB  B&ATBB. 

(1st,  3d  and  6th  Sections.)        (2d  and  4th  Sections.) 

ness  with  which  repairs  can  be  made.  The  Gurney, 
(No.  300  Series)  and  the  Palace  King  have  much  the 
?ame  construction,  and  are,  very  likely,  fully  as  efficient. 
The  Furman  heaters  may  ba  taken  as  the  type  of  the 
drop  tube  patterns.  They  are  used  either  for  steam  or 
hot  water,  the  small  sizes  generally  being  portable  (Fig. 
71),  and  the  large  ones  brick-set  (Fig.  72),  The  Fur- 
man  hot-water  heater  is  constructed  on  principles  almost 
exactly  the  reverse  of  those  found  in  the  Spence.  It  is 
not  sectional  in  the  small  sizes,  and  yet,  as  the  parts  are 
screwed  together,  they  can  be  taken  apart  if  any  of  the 
tabts  are  broken.    The  cast-iron  screw  jomts  will  pcol^ 
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ably  never  leak.  It  will  be  noted  that  the  heating  stuv 
face  consists  of  oval  drop  tnbes,  with  a  diaphragm  in  the 
center,  so  arranged  that  the  water  passes  down  on  one 
side  and  up  the  other.  As  previously  stated,  the  vertical 
circulation,  as  secured  in  the  Furman,  is  the  correct  one, 
as  there  is  less  friction  than  in  horizontal  tubes  or  sec- 
tions. It  gives  a  very  rapid  circulation,  which  is  of 
importance  in  taking  up  the  heat  and,  also,  in  giving  it 
off  in  the  coils.  A  happy  illustration  of  the  effect  of  a 
rapid  circulation  upon  the  amount  of  heat  taken  up  by 
the  water,  is  the  wind  blow- 
ing over  a  muddy  road,  the 
faster  it  moves,  the  more 
water  it  takes  up.  The 
faster  the  water  travels  past 
the  fire,  the  more  heat  wiU 
it  absorb,  and  the  less  will 
pass  up  the  smoke  pipe. 

In  the  Furman,  the  at- 
tempt is  made  to  secure  the 
direct  action  of  the  fire  upon 
the  tubes,  by  means  of  lat- 
eral draft   between  them; 
this  also  tends    to  secure 
perfect  combustion  to  the   ^i^t.   71.      tukman  PORT- 
very  edge  of  the  fire-pot.     ^^'^^  heater  (Steam), 
From  their  shape  and  arrangement,  very  little  cleaning 
of  the  flues  is  necessary. 

Although  constructed  upon  a  general  plan  exactly 
opposite  that  of  the  Spence,  from  our  trial  of  the  two 
heaters  here,  it  is  not  possible  to  decide  which  is  the 
correct  one ;  if  anything,  however,  the  Spence  is  more 
economical  of  fuel. 

Where  the  size  of  the  plant  will  warrant,  it  is  better 
to  have  two  heaters  in  a  battery,  than  one  very  large  one, 
and  where  two  large  heaters  will  do  the  work  on  a  pinch. 
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it  is  desirable  to  have  a  third  one  to  fall  back  on  in  severe 
weather,  or  in  case  of  an  accident  to  one  of  the  others. 
If  a  single  heater  large  enough  to  do  the  work  in  the 
most  severe  weather  is  used,  it  will  bo  twice  as  large  as 
will  be  required  in  the  mild  weather  of  Spring  and  Fall, 
but,  by  having  two  heaters  in  a  battery,  one  or  both  can 
be  used  as  may  be  necessary. 

For  use  in  small  conservatories,  there  are  many 
forms  of  portable  hot  water  heaters,  of  which  that  made 
by  Hitchings  &  Co.,  shown  in  Fig.  73,  may  be  taken  as 
a  sample.  Most  of  them  have  coal  magazines,  and  run 
lor  eight  or  ten  hours  without  attention.     From  the 


FIG.   73.      FURMAN  BRICK-SET  HEATER  {Steam), 

simplicity  of  the  hot  water  apparatus  as  first  used,  it  will 
be  seen  that  good  results  can  be  obtained  from  almost 
any  kind  of  a  heater  that  provides  for  a  proper  connec- 
tion. A  simple  can  of  copper,  zinc,  or  galvanized  iron, 
resting  over  an  oil  stove,  will  provide  heat  for  a  small 
conservatory ;  but,  if  some  arrangement  can  be  made  for 
increasing  the  heating  surface,  better  results  will  be 
obtained. 

THE  SIZE  OF   HEATER  TO   USE, 

Having  determined  upon  the  kind  of  heater  to  use, 
the  size  to  obtain  is  of  considerable  importance.    AU 
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greenhouse  heaters  are  rated  bj  tlie  manufacturers  as 
equal  to  supplying  a  certain  number  of  square  feet  of 
radiation.  Although  most  of  them  will  do  what  is 
claimed  for  them  at  a  pinch,  it  will  be  at  the  expense  of 
an  excessive  amount  of  fuel  and  labor.  The  most  eco- 
nomical results  with  hot  water  can  only  be  obtained  with 
a  thin,  slow  fire  in  a  large  fire  box,  and  as  a  rule  it  will 
be  well  to  deduct  at  least 
twenty-five  per  cent,  from 
the  manufacturers'  rating 
in  estimating  the  capac- 
ity of  a  heater. 

The  comparative  area 
of  grate  and  fire  surface 
in  heaters  varies  with  their 
arrangement  to  such  an 
extent  that,  provided  it  is 
ample  to  absorb  the  heat 
produced  by  the  combus- 
tion, the  latter  may  be  left 
out  of  the  question  for  the 
present.  Basing  the  re- 
quired grate  area  uj)on  the 
number  of  square  feet  of 
radiating  surface,  it  has 
been  stated  that  for  econ- 
omy the  ratio  of  one  to  ' '^    ■  ^^^^ /^u)-Da, 

two  hundred  should  not  fig.  73.     hitchings'    base 
be  exceeded.     "With  large  burking  heatek. 

heaters  this  should  suffice,  provided  the  radiation  itself 
was  ample,  but  in  small  establishments,  with  less  than 
one  thousand  feet  of  radiating  surface,  the  proportion  of 
one  square  foot  of  grate  surface  to  one  hundred  and  fifty 
square  feet  of  radiating  surface  will  be  none  too  much  for 
the  economical  consumption  of  fuel.  In  establishments 
where  cheap  fuel  is  used  and  a  night  fireman  employed. 
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one  square  foot  of  grate  surface  ■will  burn  enongh  fuel, 
with  a  good  draft,  to  supply  two  hundred  and  fifty 
square  feet  of  radiation. 

Of  course,  the  ratio  of  radiating  and  glass  surface 
must  be  based,  in  addition  to  the  temperature  to  be 
maintained,  upon  the  climate,  the  exposure,  the  con- 
struction of  the  house,  etc.,  but,  as  a  rule,  the  average 
temperature  in  a  greenhouse  may  be  taken  as  fifty  de- 
grees, and  one  foot  of  radiating  surface  will  heat  about 
four  square  feet  of  glass.  For  an  establishment  then  of 
2,400  square  feet  of  glass,  600  square  feet  of  radiating 
surface  will  be  necessary,  and  a  heater  with  a  grate  con- 
taining four  square  feet  will  be  required.  If  it  contains 
8,000  square  feet  of  glass,  2,000  square  feet  of  radiation 
and  ten  square  feet  of  grate  surface  will  be  necessary, 
and  for  16,000  square  feet  of  glass  the  radiation  and 
grate  surfaces  will  be  respectively  4,000  and  sixteen 
square  feet.  In  the  first  two  cases  the  fires  can  be  left  at 
night  without  attention  for  eight  hours  in  zero  weather, 
but  would  require  stoking  once  in  three  or  four  hours 
when  the  grate  surface  is  as  small  as  given  in  th«  last 
example. 


CHAPTEE  XIX. 

STEAM   HEATING. 

With  the  TTonderful  growth  of  commercial  floral 
establishments  during  the  past  ten  years,  a  need  arose 
for  something  more  eflScient  and  applicable  to  larger 
houses  than  the  old-fashioned  flue,  or  the  hot  water  sys- 
tem with  four-inch  pipes,  and  it  was  found  in  :he  moa^ru 
steam  greenhouse-heating  plants.  In  a  general  way,  the 
same  rules  and  method  of  piping  would  answer  here  as 
were  given  for  hot  water. 

In  steam  heating  we  have  the  choice  of  two  methods, 
high  or  low  pressure.  In  the  first  it  is  preferable  to  use 
wrought-iron  boilers  rather  than  the  average  one  of  cast- 
iron,  although  some  cast-iron  tubular  boilers  are  claimed 
by  the  inventors  to  withstand  higher  pressures  than 
those  of  wrought-iron.  This  method  of  heating  is  par- 
ticularly applicable  in  large  plants  •u.Ji  more  than 
12,000  square  feet  of  glass,  where  a  reg  'lar  night  fire- 
man can  be  employed.  The  principal  arguments  in  its 
favor  are  that  less  radiating  surface  is  required  than  with 
low  pressure  steam  or  with  water,  and  that  steam  can  be 
carried  to  considerable  distances,  thus  centralizing  the 
boilers,  and  enabling  the  most  extensive  ranges  of  house 
to  be  heated  from  one  boiler-room.  For  small  plants 
the  low  pressure  system,  carrying  a  maximum  of  five 
pounds  pressure,  and  generally  not  over  two  pounds,  is 
preferable. 

STEAM   BOILERS   AND  THEIR   LOCATION. 

Some  of  the  horizontal  tubular  boilers  are  generally 
need  and  give  general  satisfaction.     For  low  pressure 
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there  are  dozens  of  cast-iron  boilers,  each  of  -whirh.  has 
points  that,  if  we  can  believe  the  inventors,  makes  his 
the  lest;  really,  however,  the  dilt'ercnce  in  their  real 
efficiency  is  very  slight.  For  small  houses  the  locomo- 
tive boiler  seems  to  be  a  cheaj)  and  economical  heater. 
They  are  also  used  with  success  for  hot  water.  As  in 
the  hot  water  heaters,  the  rerjuirements  for  a  good  steam 
boiler  are  ample  grate  surface,  good  draft,  and  a  fire 
surface  at  right  angles  to  the  draft,  with  the  flues  so 
arranged  as  to  absorb  the  greatest  possible  amount  of 
heat. 

In  locating  the  boiler,  pains  should  be  taken  to  ha\e 
it  low  enough  so  that  the  water  level  will  be  at  least  two 
feet  below  the  lowest  heating  i)ipe,  but  if  this  is  not  pos- 
sible without  sinking  the  boiler  in  dark,  jioorly  drained 
pits,  steam  traps  can  be  used,  particularly  with  high 
pressure,  that  will  remove  the  water  from  the  return, 
and  lift  it  to  the  water  level  of  the  boiler ;  with-  low 
pressure  tliey  work  more  slowly  and  are  less  satisfactory. 

ARRANGEMENT    OF   THE    STEAM    PIPES. 

The  method  given  for  the  arrangement  of  the  hot 
water  pipes  can  be  followed  with  few  changes  for  steam, 
whether  high  or  low  pressure.  The  main  for  each  house 
should  be  carried  along  under  the  ridge  to  the  farther 
end,  running  on  a  slight  decline,  where  it  should  be 
broken  up  to  supply  the  coils.  If  constructed  with 
manifolds,  a  manifold  valve  should  be  used,  or,  if  in  sep- 
arate lines,  all  but  one  pipe  on  each  side  should  be 
arranged  so  that  it  can  be  shut  off  in  mild  weather.  In 
making  the  coils,  and  in  fact  all  connections,  great  care 
should  be  taken  to  allow  for  expansion. 

For  short  coils,  one-inch  pipe  maybe  used,  but  if  of 
considerable  length,  one  and  one-fourth  inch  pipe  is  pre- 
ferred by  most  florists.  The  slope  of  the  coils  should  be 
towards  tho  boiler,  when  the  flow  is  carried  oyerhead,  in 
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order  to  return  the  conclensod  water.  At  Jie  end  of  the 
house  the  returns  should  be  collected  into  one  pipe,  which, 
should  enter  the  boiler  below  the  water  leyel. 

There  should  be  an  automatic  air  yalve  on  each  of 
the  coils  at  the  lower  end,  and  on  the  return,  near  the 
boiler,  it  is  well  to  have  both  a  valve  and  a  check  valve. 

As  recommended  for  hot  water,  it  is  Avell  to  have  the 
pipes  somewhat  distributed,  and  if,  in  addition  to  the 
overhead  mains,  one  return  jiipe  is  carried  along  on  the 
wall  plate,  it  will  tend  to  warm  the  cold  air  that  enters 
through  the  ventilators,  or  cracks  in  the  glass,  before  it 
comes  in  contact  with  the  plants.  With  i^hints  like 
cucumbers  and  roses,  that  are  susceptihle  to  cold  drafts, 
this  will  be  found  a  decided  advantage. 

AMOUNT    OF   PIPE    FOR    STEAM. 

The  amount  of  pipe,  both  for  mains  and  coils,  will 
be  much  less  than  when  hot  water  is  used.  For  the 
main  it  can  be  reckoned  that  a 

IVa  inch  pipe  will  supply  200  square  feet  of  radiation. 

2  "  a  "  400         "  "  " 
21/3      «          «.              «                800        "                 "               " 

3  "  "  "  l,G0O        "  "  " 

4  "  "  "  3,200        "  "  « 

The  surface  of  the  steam  pijaes  is  from  thirty  to  fifty 
per  cent,  warmer  than  that  of  hot  water  pipes,  and  a 
corresponding  decrease  of  tiie  necessary  radiating  surface 
can  be  made.  For  low  ju-essure  steam,  in  addition  to  the 
mains,  a  house  will  require  for  each  1,000  square  feet  of 
glass,  to  warm  it  to 

45°  to  50^,  140  square  feet,  or  300  linear  feet,  IVi  inch  pipe. 
50^  to  m^,  175        "  "        "   400        "  "         "        "  " 

60°  to  70=,  225        "  "        "  500        "  "         "        "  " 

With  high  pressure,  a  considerable  reduction  can  be 
made  from  the  above. 

In  figuring  the  capacity  of  a  boiler,  about  fifteen 
feet  of  heating  (fire)  surface  should  be  reckoned  as  one 
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horse  power,  and  in  estimating  the  radiation  that  it  will 
supi^ly,  from  fifty  to  ninety  square  feet  of  radiation  p( 
horse  power,  according  to  tlie  pressure,  may  be  relie^ 
upon  with  a  good  boiler.  If  we  consider  that  for  a  tem- 
perature of  fifty  degrees,  whicli  may  be  taken  as  about 
an  average,  one  square  foot  of  radiating  surface  will  take 
care  of  six  square  feet  of  glass,  one  horse  power  will  be 
sufficient  for  300  to  540  square  feet  of  glass.  As  in  the 
case  with  hot  water  heaters,  a  large  steam  boiler  will 
handle  more  glass  to  a  square  foot  of  grate  than  a 
small  one. 

The  size  of  gi'ate  for  a  given  glass  area  will  also  de- 
pend upon  the  draft  of  the  chimney,  the  skill  of  the 
fireman  and  the  method  of  stoking  used.  With  a  poor 
draft  a  much  smaller  amount  of  coal  can  be  burned,  per 
square  foot  of  grate,  than  when  the  draft  is  strong,  and 
a  grate  area  considerably  larger  than  in  the  latter  case 
will  be  required  ;  the  same  is  true  of  a  dirty  fire  as  com- 
pared with  a  clean  one.  For  establishments  with  less 
than  10,000  to  12,000  square  feet  of  glass,  a  night  fire- 
man can  hardly  be  afforded,  and  a  large  grate  should  be 
used  upon  which  a  slow  fire  can  be  burned  that  will  last 
from  six  to  ten  hours.  For  this  purpose  the  grate  should 
have  an  area  of  from  fifteen  to  eighteen  or  even  twenty 
feet,  according  to  the  climate  and  other  modifying  con- 
ditions. On  the  other  hand,  when  a  strong  draft  can  be 
secured,  and  in  large  establishments,  where  a  night  fire- 
man is  employed,  one  square  foot  of  grate  can  readily 
handiO  one  thousand  square  feet  of  glass.  In  other 
words,  a  steam  boiler  with  twelve  square  feet  of  grate 
can  be  made  to  heat  with  economy  12,000  square  feet  of 
glass.  Under  favorable  conditions,  eight  square  feet  of 
grate  will  heat  a  house  containing  the  above  amount  of 
glass  to  fifty  degrees. 

The  matter  is  so  iini)ortant  that  it  is  well  to  again 
mention  the  advisability  of  putting  in  a  boiler  with  a 
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capacity  twenty-five  per  cent  larger  tlaan  is  required 
to  do  the  work,  and  of  arranging  for  ample  radiating 
surface. 

The  only  other  matter  of  real  importance  in  arrang- 
ing a  system  is  to  have  the  pipes  with  such  a  fall  (one 
inch  in  twenty  feet  will  answer)  that  the  water  of 
condensation  can  readily  drain  off.  This  can  best  be 
secured,  if  there  is  a  gradual  descent  in  the  pipes  from 


FIG.    74.       TXTERIOR    OF    STEAM-HEATED   HOUSE. 

the  point  whore  ths  main  enters  the  house  to  where  the 
return  leaves.  If  it  becomes  necessary  to  change  the 
direction  of  t!ie  slope,  a  one-inch  drip  pipe  should  be 
connected  with  tlie  underside  of  the  main,  at  the  point 
where  the  dircctioji  of  t'.io  pipe  changes,  and  joined  to 
the  returns. 

AXOTHEIl   METHOD    OF    PIPING. 

Although  the  overhead  main  will  generally  give  best 
satisfaction,  particularly  in  loni;  houses,  it  is  sometimes 
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preferred  to  have  them  all  tmder  the  bench.  The  coil 
can  commence  at  the  end  of  the  house  nearest  the  boiler, 
and  with  a  gradual  fall  to  the  other  end,  from  which 
point  the  return  can  descend  to  the  heater.  These  coils 
can  be  underneath  the  side  benches  or  in  the  walk,  and, 
if  desired,  in  wide  houses  under  the  center  bench,  also. 
This  method  of  distributing  the  pipes  will  be  particu- 
larly desirable  when  the  plants  are  jjlaced  out  on  the 
benches. 

In  short  houses  the  coils  can  run  entirely  around  the 
house,  although  the  short  runs  will  be  preferable.  With 
low  pressure  it  is  not  advisable  to  have  coils  more  than 
two  hundred  feet  in  length.  Even  for  houses  of  this 
length,  it  will  be  very  convenient  to  have  the  different 
houses  in  tlie  range  connected  in  the  center  by  a  cross 
gallery,  in  which  the  boilers  may  be  placed,  and  through 
which  the  mains  and  returns  can  be  run  and  connected 
with  coils  which  will  be  half  as  long  as  the  house.  Fig. 
74  shows  one  method  of  piping  a  small  house  for  steam, 
the  furnace-room  being  at  the  farther  end  of  the  house. 

Various  methods  of  arranging  steam  pipes  are  shown 
In  Figs.  58-02.  As  a  rule,  a  two-inch  steam  main 
can  be  used  instead  of  a  three-inch  hot  water  main_.  and 
a  one-inch  steam  pipe  will  be  equivalent  to  an  inch  and 
one-half  hot  water  pipe  in  the  coils  for  low  pressure,  and 
a  two-inch  pij)e  if_^the  steam  is  under  high  pressure. 


CHAPTER  XX. 

COMPARATIVE  MERITS  OF  STEAM  AND  HOT  WATER. 

The  following  are  among  tlie  claims  made  by  advo- 
cates of  steam  for  their  favorite  heating  system:  (1)  A 
lower  first  cost ;  (2)  ability  to  maintain  a  steady  temper- 
atnre ;  (3)  readiness  with  which  the  temperature  can  be 
raised  or  lowered  if  desired  ;  (4)  economy  of  coal  con- 
sumption ;  (5)  ease  with  which  repairs  can  be  made. 

The  hot  water  men  admit  that  these  claims  hold  to 
a  large  extent  against  hot  water  in  four-inch  pipes,  but 
they  contend  that  the  men  who  make  these  claims  have 
made  no  comparison  Avith  modern  well-arranged  liot 
water  plants,  and  that,  under  proper  conditions,  the  lat- 
ter system  is  preferable.  Those  who  favor  hot  water 
claim  for  that  method  that  at  the  most  only  the  first 
claim  of  the  steam  men  will  stand,  and  that  on  the 
other  points,  hot  water  can  make  as  good,  if  not  better 
showing. 

With  regard  to  the  first  cost,  as  stated  before,  the 
amount  of  radiation  required  for  hot  water  with  an  open 
tank  is  about  forty  per  cent,  more  tlian  with  steam, 
which  will  make  the  cost  of  the  plant  about  twenty  per 
cent,  more  than  the  cost  of  a  steam  plant.  Under  pres- 
sure, however,  the  cost  will  be  little  if  any  more,  but  we 
shall  lose  in  economy  of  fuel,  as  compared  with  the  open 
tank  system,  although  it  retains  all  of  the  other  advan- 
tages claimed  for  hot  water.  "With  a  fireman  giving 
constant  attention  to  the  boilers,  a  steady  pressure  caq 
be  maintained,  and  of  course  the  pipes  being  all  of  the 
time  at  the  same  temperature,  there  need  be  but  little 
9  129 
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Tariation  in  the  house,  provided  the  pressure  is  raised  or 
lowered,  or  the  valves  are  used  to  regulate  the  amount  of 
radiation,  according  to  the  outside  temperature. 

In  small  plants,  where  regular  firemen  are  not  em- 
ployed both  for  night  and  day,  the  pressure  will  vary  to 
a  greater  or  less  extent.  In  well-arranged  plants,  boilers 
can  be  left  in  severe  vreather  for  six  or  eight  hours,  and 
pressure  will  be  maintained,  provided  everything  is  all 
right ;  but  if  for  any  reason  the  water  in  the  boiler  drops 
below  213°,  the  steam  pipes  will  cool,  and  serious  harm 
may  result.  With  hot  water,  circulation  will  go  on  so 
long  as  there  is  fire  in  the  heater,  and  the  water  in  the 
pipes  will  give  off  heat  even  after  that,  until  they  cool  to 
the  temperature  of  the  house.  It  can  then  be  claimed 
for  hot  water,  and  no  one  can  deny  it,  that  in  small 
plants,  liot  water  is  safer  than  steam  to  use,  and  can  he 
left  for  a  longer  time  without  attention. 

It  is  also  urged  in  favor  of  steam,  that  in  long  runs 
the  hot  water  becomes  cooled,  and  that  the  temperature 
at  the  lower  end  of  the  coils  will  be  less  than  at  the 
other.  In  a  short  house  of  one  hundred  and  fifty  feet 
or  less,  this  can  be  counteracted  by  using  the  overhead 
main  and  underbeuch  returns,  and  even  in  long  houses 
the  difference,  Avith  this  method  of  piping,  should  not 
exceed  five  degrees  in  a  house  two  hundred  feet  long. 
If  the  continuous  coils  of  one  and  one-half  or  two-inch 
pipe  running  through  the  house  and  back  are  used, 
which  may  be  done  where  a  fall  of  one  inch  in  ten  feet 
can  be  secured,  there  may  be  even  less  difference  than  is 
found  in  steam  pipes. 

There  is,  then,  some  ground  for  the  claim  of  hot 
water  men  that,  even  compared  with  large  plants  in 
which  night  firemen  are  employed,  the  temperature  at  the 
opposite  ends  of  the  houses  ivill  he  as  even  as  with  steam, 
and  that  the  hot  water  system  properly  arranged  ivill 
maintain  for  eight  or  ten  hours  a  temperature  as  even  as 
will  he  secured  from  steam  by  the  average  fireman. 
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The  claim  that  steam  can  be  used  to  better  advan- 
tage when  it  is  desired  to  raise  or  lower  the  temperature 
of°the  house,  only  applied  against  water  in  large  pipes. 
If  desired,  tlie  entire  circulation  in  the  hot  water  coils 
can  be  shut  off,  and  the  amount  of  heat  in  the  water  in 
She  pipes  if  given  off  at  once  would  not  raise  the  temper- 
ature  of  the  house  a  single  degree,  and  distributed  over 
an  hour  or  so,  would  not  be  noticed.     With  four-inch 
pipes  containing  ten  times  the  quantity  of  water,  and, 
especially  as  valves  were  not  always  provided  for  shut- 
ting off  the  circulation,  the  heat  given  off  was  sufficient 
to  necessitate  the  early  opening  of   the  ventilators  on 
bright  mornings  and  a  corresponding  injury  from  cold 
drafts  upon  the  plants  was  caused.     With  small  pipes, 
starting  with  cold  water  or  witli  a  moderately  low  fire, 
normaf  temperature  of   the    pipes   can  be   secured  as 
quickly  as  with  steam.     When  the  question  of  economy 
of  fuel  is  considered,  the  general  opinion  of  those  who 
have  carefully  tested  steam  against  the  modern  hot  water 
system,  is  that  the  latter  is  about  twenty-five  per  ceuL 
cheaper. 

EXPERIMENTAL  TESTS. 

There  are  on  record  a  large  number  of  so-called 
tests  of  the  economy  of  steam  and  hot  water,  but  in 
nearly  every  case'  the  hot  water  was  in  four-inch  pipes. 
The  only  experimental  tests  that  have  come  to  the 
notice  of  the  writer,  where  the  houses  and  plants  were 
of  similar  construction,  and  the  tests  were  carried  on  at 
the  same  time,  was  the  one  by  Prof.  Maynard,  at  tlie 
Massachusetts  Experiment  Station  at  Amherst,  and  tnos9 
of  the  author  at  the  Michigan  Experiment  Station.  In 
each  case  piping  was  arranged  in  both  houses  with  over- 
liead  mains  and  undei-bench  coils,  and  although  aa 
attempt  was  made  to  have  each  plant  as  perfect  as  possi- 
bio,  the  conditions  for  either  system  were  no  more  favor- 
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able  than  could  be  secured  in  any  forcing  house.  The 
houses  at  Amherst  were  seventy-five  by  eighteen  feet, 
and  those  at  Lansing  twenty  by  fifty  feet  each. 

The  tests  were  continued  in  each  place  for  two  years 
with  the  following  results  : 


AVERAGE  Temperature. 

Coal  Consumed. 

Water  House. 

Steaiu  House. 

Water  House. 

Steam  Houses 

Amherst, 
Lansing, 
Average, 

52.80=> 
54.87<^ 
53.84° 

50.803 
53.02=' 
51.91^ 

69.54  lbs. 
94.53    " 
82.04    •' 

91.48  lbs. 
114.53    " 
103.01    " 

Or  almost  exactly  twenty-five  per  cent,  more  fuel  was 
required  for  steam  than  with  water,  although  the  steam 
houses  averaged  about  two  degrees  cooler. 

In  both  places  the  hot  water  house  was  more  ex- 
posed to  the  cold  winds  than  the  steam  house,  and,  at 
Lansing,  where  tlie  results  were  less  favorable  for  water 
than  at  Amherst,  although  the  houses  were  piped  for 
maintaining  a  temperature  of  forty-five  to  fifty  degrees, 
they  were  kept  at  a  terajaerature  of  fifty-five  degrees, 
necessitating  a  considerably  higher  temj^erature  of  the 
water  than  should  have  been  carried  for  the  greatest 
economy  of  fuel,  which  would  make  less  difEerence  with 
the  steam  system.  In  proof  of  this,  additional  pipes 
have  now  been  put  in,  and  the  hot  water  house  is  now 
carried  at  sixty  degrees  with  no  more  f  tiel  than  was  used 
at  fifty-five  degrees. 

COMPARATIVE  COST  OF  FUEL. 

With  steam  it  is  claimed  that  a  cheaper  grade  of 
fuel  can  be  used  than  with  hot  water,  but  boilers  for  hot 
water  are  now  made  that  can  secure  better  results  from 
soft  coal  than  is  obtained  by  steam,  provided  similar  care 
is  given.  It  is  also  claimed  for  steam  that  it  admits  of 
the  boilers  being  located  in  a  battery  at  one  point,  rather 
than  scattered  in  different  liouses  as  is  generally  the  case 
with  hot  water.     With  modern  systems  of  piping,  the 
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same  arrangement,  can  be  ased,  and  the  water  can  be  car- 
ried in  large  mams  with  less  "waste  than  when  steam  is 
used. 

Regarding  the  last  claim  in  favor  of  steam,  i.  e.,  the 
economy  of  repairs,  it  may  be  said  that  when  the  same 
size  pipe  is  used  for  coils  in  both  systems,  a  break  can 
be  repaired  with  the  same  ease  in  one  as  in  the  other. 
Moreover,  there  is  more  likely  to  be  a  break  in  the  steam 
boiler  than  in  the  hot  water  heater,  and  while  a  steam 
return  is  rusted  through  in  from  five  to  seven  years,  a 
hot  water  pipe  will  be  found  in  good  condition  inside, 
and  the  outside  can  be  kept  from  rusting  by  painting 
once  in  two  or  three  years  with  lampblack  and  oil. 

CONCLUSIONS. 

Considered  from  the  point  of  efficiency  only,  there 
is  little  to  choose  between  the  systems,  although  the 
steam  heater  will  need  more  constant  attention,  and 
ordinarily  the  temperature  of  the  houses  will  be  less 
regular  than  with  hot  water,  either  with  open  tank  or 
under  pressure. 

The  steam  plant  will  cost  fifteen  to  twenty  per  cent, 
less  than  the  open  tank  water  system,  and  somewhat  less 
than  the  pressure  system,  and  when  the  first  cost  of  the 
plant  is  any  object,  this  may  decide  for  that  system.  On 
the  other  hand,  the  cost  of  fuel  with  a  well-arranged  hot 
water  plant,  will  be  twenty  to  twenty-five  per  cent,  less 
than  with  steam,  and  as  this  will  pay  for  the  extra  cost 
of  the  i^lant  in  three  or  four  years,  it  becomes  a  matter 
well  worth  considering.  It  then  comes  to  the  question 
whether  there  shall  be  a  large  cost  at  first,  with  a  com- 
paratively small  outlay  for  fuel  and  re^Dairs,  or  a  smaller 
first  cost,  and  a  larger  outlay  for  fuel  and  maintenance. 

Everything  considered,  the  man  who  has  less  than 
10,000  square  feet  of  glass,  will  find  hot  water  with  an 
open  tank  the  best  method  to  use.     Above  12,000  feet  of 
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glass,  it  will  pay  to  have  a  night  fireman,  an<^,  as  thfl 

first  cost  for  a  plant  of  this  size  is  considerable,  the 
average  florist  will  prefer  to  nse  steam,  although  hot 
water  will  give  fully  as  good  results,  and  the  extra  ex- 
pense of  the  plant  will  be  saved  in  fuel  within  four  years. 
So  far  as  expense  for  fuel  is  concerned,  hot  water  under 
pressure  will  be  classed  with  steam ;  it  gives  more  even 
results,  however,  and  the  cost  of  the  system  is  little  if 
any  more.  In  ari'iving  at  these  conclusions,  no  account 
is  taken  of  the  effect  of  the  different  systems  upon  plant 
growth,  as  we  believe  that  when  equally  well  cared  for 
there  will  be  little  or  no  difference. 


CHAPTER  XXI. 

HEATING  SMALL  CONSERVATORIES. 

For  amateur  conservatories,  with  over  300  square 
feet  of  glass,  unless  joined  to  a  residence  which  is 
heated  by  hot  water  or  steam,  it  will  be  found  desirable 
to  use  some  of  the  small  portable  hot  water  heaters  that 
are  manufactured  by  several  firms.  "When  these  are  used 
in  connection  with  a  well  arranged  system  of  piping,  the 
care  of  the  house  is  greatly  simplified,  and  there  will  be 
little  risk  of  injury  to  the  plants  by  cold.  It  will  be  a 
desirable  thing,  if  the  dwelling  is  heated  with  stoves  or 
a  hot  air  furnace,  to  purchase  a  heater  large  enough  to 
warm  a  part  or  all  of  the  house,  and  put  in  pipes  and 
radiators. 

In  arranging  the  heating  system  for  the  conserva- 
tory, the  heater  should  bo  placed  iii  the  cellar  of  the 
house,  and  the  feed  pipes  should  pass  up  through  the 
floor  and  connect  with  the  radiating  pipes,  which  are 
generally  best  if  arranged  in  a  wall  coil,  with  manifolds 
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at  each  end  An  air  valve  will  be  needed  at  the  higher 
end,  and  an  expansion  tank  should  be  connected  with 
some  part  of  the  system.  It  should  be  of  galvanized 
iron,  althongh  an  old  paint  keg  would  answer.  It  should 
hold  a  gallon  for  each  hundred  feet  of  one  and  one-fourth 
inch  pipe,  and  a  gallon  for  the  heater  and  mains.  If  the 
tank  is  situated  where  harm  to  floor  or  walls  will  be  done 
if  it  boils  over,  it  is  well  to  have  a  tight  cover  on  the 
tank  and  run  an  overflow  pipe  from  half-way  up  the  side 
of  the  tank  to  a  drain. 

For  conservatories  which  are  too  large  to  heat  with 
an  oil  stove,  a  home-made  water  heater  might  be  used. 
The  radiating  coil  and  attachments  would  be  similar  to 
those  just  described.  A  small  heater  could  be  made  by 
using  a  small  coil  of  one-inch  pijie  containing  eight 
hnear  feet  of  heating  surface,  inside  one  of  the  large 
sized  kerosene  heating  stoves.  This  would  warm  one 
hundred  and  fifty  linear  feet  of  one-inch  pipe,  and  would 
heat  a  conservatory  six  by  ten  feet  with  three  sides  and 
roof  of  glass.  Were  the  conservatory  u})on  a  veranda 
where  only  the  roof,  side  and  one  end  were  exposed,  the 
capacity  would  be  sufiScient  to  warm  about  six  by  fifteen 
feet,  and  if  the  roof  were  of  wood,  it  could  heat  a  space 
eight  by  twenty  feet. 

THB  BABi7ABJ)   HEATEB. 

In  1890  Oharles  Barnard  described  in  the  American 
Garden  a  very  simple  heater  that  gave  good  satisfaction 
fai  a  detached  greenhouse.  The  heater  was  of  zinc  with 
four  tubes  of  one-inch  gas  pipe  (Fig.  lb  A)\  the  diam- 
eter was  six  inches  and  the  height  twenty-seven  inches. 
From  this,  connections  were  made  with  the  coils  which 
weore  of  two-inch  pipe,  although  one  and  one-quarter 
inch  pipe  would  he  preferable.  The  heater  was  placed 
over  an  oil  stove  or  gas  burner,  and  was  surrounded  by  a 
JMsket  of  sheet  iron  (Fig.  75  B)  from  which  a  small  pipe 
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ran  to  the  outside  of  tlie  house  to  convey  the  smoke  and 
gases.  Another  form  of  heater  is  made  in  the  shape  of 
a  hollow  truncated  cone,  nine  inches  in  diameter  at  the 
bottom  and  six  at  the  top,  and  twenty-four  inches  high. 
The  water  is  one  inch  in  thickness  and  is  confined  between 
the  inner  and  outer  shells  of  the  heater.  This  is  placed 
oyer  an  oil  stove  and  arranged  in  much  the  same  way  sa 
ths  one  last  described. 


HEATINa  BY  MEANS  OF  FLUES. 

In  small  houses  where  one  does  not  have  the  means 
iojmt  in  hot  water  or  steam,  fairly  good  results  can  be 

obtained  with  the  old-fa«h- 
ioned  flue.  This  consists  of  a 
furnace  in  which  the  fuel  ia 
burned,  and  a  horizontal  chim- 
ney passing  through  the  house. 
If  the  house  is  not  over  fiftj 
feet  in  length,  and  if  a  rise  of 
two  or  more  feet  can  be  se- 
cured, a  fair  draft  can  be  ob- 
tained by  having  the  chimney 
at  the  farther  end ;  but  in 
longer  houses,  or  where  the 
flues  must  be  run  on  a  level, 
it  is  best  to  bring  them  baoki 
so  that  they  can  enter  a  chifly 
ney  built  over  the  furnace. 
A  direct  connection  with  the  chimney  can  be  made 
when  the  fire  is  first  started,  and  then,  after  the  chimney 
has  become  warm,  a  damper  can  be  turned  which  will 
force  the  smoke  to  pass  around  through  the  house,  giving 
off  its  heat  as  it  goes.  The  furnace  can  be  constructed 
for  burning  either  coal,  or  wood  cut  in  lengths  of  from 
three  to  five  feet  A  grate  containing  three  to  four 
f|iuue  feet  will  auswar  for  a  house  oontuning  600  sqoara 
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feet  of  glass.  If  wood  is  used,  the  furnace  should  be 
eighteen  inches  "vride  inside,  and  of  the  requix'ed  length, 
but  no  increase  of  the  size  of  the  grate  will  be  necessary. 
There  should  be  an  ash  pit  of  suitable  size,  and  iron 
doors  should  be  set  in  the  masonry  at  the  end  of  the 
furnace,  for  both  the  fire-pot  and  ash  pit.  The  top  of 
the  furnace  may  be  supported  either  by  a  brick  arch  or 
by  heavy  iron  bars.  The  inner  lining  of  the  heater 
should  be  of  fire  brick  laid  in  fire  clay,  and  the  same 
material  should  be  used  for  the  first  fifteen  feet  of 
the  flue.  Beyond  this  point,  common  stock  brick  wilJ 
answer,  forming  a  flue  eight  by  twelve  to  sixteen  inches, 
or  eight  to  ten-inch  glazed  tile  may  be  used. 

For  a  house  twelve  feet  in  width,  one  flue  wiill 
answer;  but  if  fifteen  to  twenty  feet  wide,  it  is  well 
either  to  have  a  return  flue  on  the  other  side,  or  to 
divide  the  flue  and  carry  up  a  branch  on  each  side, 
either  under  the  walks  or  beneath  the  side  benches. 

A  hot  water  coil  can  be  economically  combined  with 
a  flue  by  using  cross-pieces  of  one  and  one-half  inch 
pipe,  connected  by  return  bends,  across  the  side  walls  and 
supporting  the  top  of  the  heater,  and  connecting  them 
with  the  radiating  pipes.  If  a  flue  is  used  care  should 
be  taken  that  no  woodwork  comes  in  contact  with  the 
bricks  within  thirty  feet  of  the  furnace.  When  houses 
are  very  long,  furnaces  may  be  placed  at  both  ends  and 
the  flues  can  be  carried  half  the  length  of  the  house  and 
brought  back  on  the  opposite  side. 

THE   POLMAISE   SYSTEM. 

The  Polmaiso  system  was  so-called  from  the  French 
town  where  it  was  first  used.  The  onginai  system  con- 
sisted in  bringing  a  current  of  air  over  a  heated  snrfaoe, 
and  then  carrying  it  into  the  greenhouse,  on  its  way 
passing  through  a  wet  blanket,  that  its  drying  effect 
might  be  lessened.     The  system  itself  ia  of  no  volne,  but 
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s  modified  form  of  it  may  be  nsed  in  connection  with  a 
flue.  By  building  an  air  chamber  around  the  furnace 
and  admitting  the  air,  much  as  in  common  hot  air  fur- 
oaoes,  it  will  be  warmed,  and  can  be  carried  through  the 
house  in  tiles  much  as  are  the  products  of  combustion. 

Tbe  cost  of  a  flue  is  less  than  half  that  of  a  hot 
water  or  steam  plant,  and  especially  if  combined  with 
hot  water,  as  described,  very  satisfactory  results  can  be 
obtained-  The  modified  Polmaise  system  couid  also  be 
employed  with  profit,  if  the  coil  is  not  nsed. 

FIBB  HOTBEDS. 

In  addition  to  warming  hotbeds  by  means  of  decom- 
posing manure,  various  other  methods  of  heating  have 
been  tried,  the  simplest  being  a  modified  form  of  the 
ordinary  fine  as  just  described.  The  beds  can  be  single, 
for  eash  six  feet  long,  or  can  be  double  span-roofed  struc- 
tures, with  a  row  of  sash  on  each  side.  For  the  single 
beds  the  arch  or  furnace  need  not  be  over  one  foot  wide 
iivside,  eighteen  inches  high,  and  four  or  five  feet  long. 
It  should  be  arched  over  with  brick  and  the  whole  then 
covered  with  soil.  In  order  to  secure  proper  slope  for 
the  fines,  the  hotbeds  should  be  located  on  a  hillside 
eloping  to  the  south,  and  the  flues  should  have  a  slope  of 
about  one  foot  in  twenty,  although  more  is  desirable. 
The  tile  nsed  for  the  flues  should  be  glazed  for  the  first 
twenty  feet  at  least,  and  six  inches  in  diameter,  and 
should  be  laid  in  two  lines,  three  feet  apart;  at  tlie 
farther  end  the  tile  should  be  turned  up  at  right-angles 
forming  a  chimney.  An  ordinary  hotbed  frame  should 
be  set  over  this.  The  soil  at  the  furnace  end  should 
then  be  spread  on,  covering  the  arch  to  the  dejDth  of 
twelve  to  fifteen  inches,  and  the  pipes  at  the  chimney 
end  about  six  inches.  The  draft  can  be  regulated  by  a 
plate  of  iron  resting  against  the  end  of  the  arch.  Tbe 
atmotaro  will  last  several  jeais.  and  will  prove  a  great 
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convenience  where  one  does  not  have  a  greenhouse  in 
which  to  start  vegetable  plants,  and  where  wood  is  cheap. 

For  the  span-roof  hotbed,  two  arches  or  furnaces 
and  four  flues,  arranged  as  in  the  other  case,  will  be 
required. 

STEAM   AND    HOT    WATER   HEAT   FOR   HOTBEDS. 

If  it  is  desired  to  warm  hotbeds  by  means  of  steam, 
it  can  be  done  by  running  a  one  and  one-quarter  inch 
steam  pipe  up  in  one  line  of  four-inch  drain  tile,  and 
back  in  another  line  laid  as  described  for  the  flues  with 
the  narrow  beds,  while  four  lines  would  be  required  for 
a  bed  twelve  feet  wide.  When  exbaust  steam  is  at  hand 
it  can  be  used  without  the  steam  pipe  by  merely  dis- 
charging it  into  the  tile. 

A  frame  can  be  heated  by  hot  water  or  steam  if  a 
two-inch  hot  water  or  an  inch  and  a  quarter  steam  pipe  is 
run  around  the  inside,  next  to  the  plank.  Boards  should 
then  be  placed  so  as  to  shut  off  all  direct  heat  from  the 
plants.  If  a  crack  two  inches  wide  is  left  between  the 
top  of  the  boards  and  the  glass,  the  heat  will  be  diffused 
and  will  not  dry  out  the  plants. 


CHAPTER  XXII. 

COMMERCIAL    ESTABLISHMENTS. 

A  florist  just  starting  in  business  may  be  compelled 
by  lack  of  means  to  commence  upon  a  small  scale. 
While  he  would  find  a  lean-to  house  the  cheai>c.st  to 
erect — provided  he  built  it  against  the  south  wall  of  a 
building — the  excess  of  cost  for  a  span-roof  house  would 
be  so  slight,  and  the  results  obtained  would  be  so  much 
greater,  that  he  would  be  wise  in  selecting  that  form  for 
a  house.     The  size  for  the  house  must  be  determined  by 
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the  business  to  be  done,  but  for  most  purposes  a  hon» 
of  twenty  feofc  in  width  is  preferable  to  anything  nar- 
rower, and  an  enterprising  florist  shorld  be  able  to  utilize 
one  that  is  fifty  feet  long.     It  is  desirable  to  have  both 
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FIG.  76.      PLAN  FOE  A  SMALL  ESTABLISHMENT. 

a  cool  and  a  warm  house,  and  this  can  be  secured  by  run* 
ning  a  glass  partition  across  the  house. 

If  this  amount  of  glass  is  not  sufficient,  a  second 
house  can  bo  built  similar  to  the  first  one,  and  then  he 
will  have  one  house  to  be  kept  at  a  temijerature  of  fifty- 
five  to  sixty  degrees  and  another  that  can  be  kept  at 
forty-five  to  fifty  degrees.    Although  other  bouses  ara 
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desirable,  a  good  selection  of  plants  can  be  grown  in  t\fO 
such  houses  with  fair  success.  If  business  develops,  as 
it  should,  it  will  be  desirable  to  add  a  rose  house.  This 
should  be  of  the  throe-quarter  span  form,  eighteen  and 
one-half  feet  wide,  and  will  give  an  opportunity  foi  the 
erection  of  a  north  side  propagating  house,  which  can  not 
only  be  used  for  propagating,  but  will  be  excellent  for 
ferns,  Violets,  pansies,  and  for  the  starting  of  seeds  and 
bulbs.  The  even  span  houses  could  run  north  and  south 
with  a  workroom  at  the  north  end  twenty-five  by  twenty- 
five  feet,  while  the  rose  house  could  join  the  end  of  the 
workroom  and  run  east  and  west,  as  shown  in  Fig.  76. 
A  convenient  arrangement  for  the  workroom  and  store 
is  shown  in  the  illustration,  which  can  readily  be  under- 
Btood. 

If  still  other  enlargement  of  the  establishment  be- 
comes necessary,  the  additional  buildings  can  be  put  up 
parallel  to  the  present  ones,  or  they  can  be  run  out  the 
other  way  from  the  workroom.  Another  method  would 
be  by  lengthening  the  buildings  already  put  up,  but  for 
small  establishments  it  will  hardly  be  desirable  to  extend 
them  beyond  a  length  of  one  hundred  and  fifty  feet. 

In  addition  to  the  general  florist  and  vegetable 
grower,  we  find  to-day  engaged  in  greenhouse  work 
many  specialists,  and  among  these  the  commercial  rose 
grower  and  the  lettuce  grower,  from  the  extent  of  their 
business,  are  especially  worthy  of  notice.  As  in  every- 
thing else,  we  find,  as  a  rule,  that  these  specialists  who 
have  turned  their  every  effort  to  the  doing  of  one  thing 
well,  are  masters  of  their  business,  and  have  been  quick 
to  avail  themselves  of  all  the  latest  improvements. 


OHAPTEk  ^xiil 

ROSE  HOUSES. 

The  form  and  general  arrangement  of  tlie  houses 
used  for  forcing  roses,  is  practically  the  same  the  country 
over,  and  when  one  speaks  of  a  "rose  house,"  he  is 
readily  understood.  A  rose  house  ma}'  he  briefly  defined 
as  a  three-quarter  span  greenhouse,  about  eighteen  feet 
wide,  with  two  narrow  beds  at  the  sides,  and  with  two 
somewhat  wider  ones  in  the  center.  No  form  of  house 
has  been  tried  for  this  purpose  that  is  on  the  whole  a? 
satisfactory  as  this,  of  which  a  good  example  of  an  ex- 
terior will  be  found  in  Fig.  77. 

They  are  cheapest  to  build  and  easiest  to  heat  if  con* 
structed  with  wooden  walls  up  to  the  jjlate,  as  shown  in 
Fig.  82,  but  many  of  our  best  rose  growers  are  of  the 
opinion  that  the  extra  cost  of  erection  and  maintenance  is 
more  than  repaid  by  the  results  obtained,  when  there  is 
from  eighteen  to  twenty-four  inches  of  glass  in  the  south 
wall  and  ends  under  the  jjlate.  There  seems  to  he  a  diver- 
sity of  opinion  as  to  the  best  width  for  rose  houses,  the 
range  being  from  sixteen  to  twenty  feet ;  but  it  is  tne  gen- 
eral idea  that  in  the  houses  sixteen  feet  wide  there  is  a 
lack  of  economy  of  space,  unless  the  walks  are  made 
rather  narrow.  With  the  side  walks  eighteen  to  twenty 
hiches  wide,  and  a  walk  between  the  center  benches  with 
a  width  of  twelve  inches,  there  will  be  room  for  four 
benches  of  average  widths :  hut  for  convenience  the  walks 
at  the  side  should  not  he  less  than  two  feet  in  width,  and 
tlie  center  walk  from  fifteen  to  eighteen  inches.  A  con- 
venient width  for  the  front  heuch  la  thirty  inobps.  whkb 
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«dll  answer  for  three  rows  of  plants ;  the  center  beda 
should  be  three  feet  and  six  inches,  each  holding  four 
rows,  and  the  back  bed  two  feet  in  width  with  two  rows 
of  plants.  If  the  front  wall  is  made  six  inches,  and  the 
rear  one  eight  inches  in  thickness,  with  the  benches 
set  out  to  prevent  drip  from  the  plate,  a  house  with 
the  above  widths  for  walks  and  benches  will  be  about 
eighteen  feet  and  six  inches  to  the  outside  of  the  walls. 
In  locating  the  height  of  the  benches,  the  tops  of  the 
cross  bearers  for  the  front  and  back  bench  should  be 
about  twenty  inches  below  the  plates ;  the  south  center 
bench  should  be  at  the  same  height  as  the  front  bench, 
and  the  north  one  ahout  eighteen  inches  higher.  Some 
growers  prefer  to  have  both  of  the  center  benches  level, 
but  if  careful  attention  is  given  to  the  watering,  rathei 
better  results  will  he  obtained  if  they  are  given  a  slight 
slope  to  the  south,  say  of  eight  inches  in  the  width  of 
one  bench  or  of  eighteen  inches  between  the  walks 
(Fig.  63). 

It  is  quite  desirable  in  arranging  the  roof  to  have 
the  ridge  and  purlin  come  over  the  walks.  If  an  iron 
frame-work  is  used  with  a  truss  at  the  ridge,  there  wUl 
be  no  necessity  for  a  support  under  the  ridge ;  but  if  the 
roof  is  of  wood,  particularly  if  there  are  no  principal 
rafters,  a  post  should  be  used,  and  the  ridge  should  be 
so  located  that  the  post  can  pass  down  at  the  north  side 
of  the  center  bench.  While  one  purlin  with  one  row 
of  posts — in  addition  to  the  one  under  the  ridge — ^will 
support  a  roof  of  this  width,  lighter  material  can  be 
employed,  and  there  will  be  less  trouble  from  drip  if  two 
of  each  are  used,  with  the  posts  coming  down  at  the 
south  side  of  each  of  the  center  benches. 

Particularly  in  rose  forcing  houses,  it  is  desirable  to 
have  the  slope  of  the  roof  arranged  to  trap  as  much  as 
possible  of  light  and  heat  from  the  sun  during  the  win- 
ter months,  aad,  everything  else  considered,  the  soath 
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pitch  of  the  roof  should  slope  at  the  rate  of  about  two 
feet  for  every  three  feet  in  width  of  house.  With  the 
ridge  posts  at  a  distance  of  fourteen  feet  from  the  out- 
side of  the  south  wall,  the  bottom  of  the  ridge  should 
be  about  eight  feet  higher  than  the  top  of  the  south  wall, 
or  twelve  feet  from  the  ground  level,  with  the  south  wall 
four  feet  in  height.  This  will  require  a  rafter  slightly 
less  than  sixteen  feet  in  length  on  the  front,  and  six  feet 
on  the  rear  slope  of  the  roof,  when  the  rear  wall  is  eight 
feet  in  height.  Another  good  form  for  a  commercial 
rose  house  is  the  one  described  in  Chapter  III.,  with  the 
sides  of  the  roof  fifteen  and  seven  and  one-half  feet,  and 
the  height  of  the  front  and  back  walls  five  and  seven 
feet  respectively.  In  a  house  of  this  shape  there  should 
be  a  line  of  glass  under  the  plate  of  the  south  wall  (Fig. 
77).  "While  the  even-span  house  is  not  as  well  adapted 
for  rose  forcing  as  the  three-quarter  span  house,  it  is  fre- 
quently used,  and  will  give  very  fair  results.  These 
houses  may  be  eighteen  to  twenty  feet  wide,  with  four 
benches,  about  three  and  one-half  feet  each,  in  width. 

The  best  results  seem  to  be  obtained  from  benches 
not  over  four  inches  in  depth,  although  this  varies  with 
the  character  of  the  soil,  as  three  and  one-half  inches  of 
heavy  soil  will  be  equal  to  four  and  one-half  inches  of 
soil  of  a  sandy  nature.  In  selecting  the  material  for  the 
bottoms  of  rose  benches,  a  first  choice  would  be  for  tile, 
second  slate,  and  third  wood.  In  j^hinning  our  rose 
houses  everything  has  been  arranged  upon  the  presump- 
tion that  shallow  beds  were  to  be  used,  as  this  seems  to 
be  the  favorite  method  of  growing  them. 

When  there  is  no  glass  beneath  the  plate  ou  the 
south  wall,  the  custom  in  the  past  has  been  to  have  a 
single  line  of  ventilators  at  the  ridge,  but  many  of  the 
more  recently  constructed  houses  have  a  line  of  sash  on 
each  side  of  the  ridge ;  if  these  are  properly  used,  the 
draft  of  air  upon  the  plants  is  greatly  decreased.    The 
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use  of  ventilating  sash  in  the  south  wall  is  also  quite 
common. 

During  the  last  five  years  many  large  and  well 
arranged  commercial  rose  houses  have  been  erected,  and 
we  are  glad  to  be  able  to  show  illustrations  of  two  plants 
that  contain  many  of  the  latest  ideas.  In  Fig.  77  will 
be  seen  a  persjoective  view  of  the  rose  houses  erected  for 
W.  P.  Wight  of  Madison,  N   J.,  by  Thos.  W.  Weath- 
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FIG.    80.      SECTION  OF  IRON"  ROSE  HOUSE. 

ered's  Sons  of  New  York  City.  From  this  we  can  get  an 
idea  of  the  general  appearance  of  the  better  class  of 
commercial  rose  houses.  They  are  each  about  three 
hundred  feet  long  by  twenty  feet  wide. 

One  of  the  best  arranged  and  most  thoroughly  con- 
structed commercial  greenhouse  plants  in  the  country  is 
shown  in  Fig.  78.  It  was  built  in  1890  at  Scarborough, 
N".  Y.,  for  P.  R.  Pierson,  by  Lord  «&  Burnham  Co.  As 
will  bo  seen  by  the  ground  plan.  Fig.  79,  there  are  eight 
houses,  each  measuring  one  handred  and  fifty  by  twenty 
feet.  They  are  placed  in  pairs,  end  to  end,  except  for  a 
narrow  passage  way  which  affords  a  ready  means  of 
oommauicatioD  with  the  different  bouses  and  with  the 
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potting  shed.  At  the  rear  of  the  second  line  of  houses 
is  a  propagating  house,  nine  feet  wide  and  tliree  liuudred 
feet  long,  or  really  two  houses  each  one  hundred  and 
fifty  feet.  The  construction  is  the  same  as  is  recom- 
mended in  Chapter  VII.,  the  rafters  and  jiosts  being  of 
iron,  with  the  lower  ends  of  the  latter  set  in  cement  in 
the  ground.  The  purlins  and  ridge  are  also  of  iron  and 
all  woodwork  of  cypress.  The  benches  have  an  iron 
frame  and  slate  bottom.  The  heat  is  furnished  from 
steam  boilers  located  as  shown  in  the  ground  jolan.  A 
cross  section  of  one  of  these  houses  is  shown  in  Fig.  80, 
from  which  one  can  obtain  a  good  idea  of  the  slope  of 
the  roof  and  of  the  interior  arrangement,  while  Fig.  81 
shows  another  method  of  construction. 

A  house  of  this  description  can  be  erected  for  about 
825.50  per  running  foot,  including  the  steam-heating 
apparatus.  With  hemlock  benches  the  cost  would  not 
be  over  120.75,  and  were  the  glass  left  out  under  the 
Bouth  plate,  leaving  only  one  line  of  ventilating  appar- 
atus at  the  ridge,  the  cost  could  be  reduced  to  120.00  jjer 
linear  foot.  This  would  give  double  strength,  French 
** seconds"  or  American  "firsts"  glass,  and  two  coats  of 
paint.  Reckoning  the  steam-heating  apparatus  at  $4.50 
per  linear  foot,  the  house  complete  as  above,  with  cheap 
wooden  benches  and  without  heating  apparatus,  would 
cost  something  over  $15.00  per  foot.  When  iron  benches 
with  wooden  bottoms  are  used,  the  house  with  one  row 
)f  ventilating  apparatus  and  steam-heating  apj)aratus, 
would  cost  not  far  from  $22.00  jier  foot.  If  one  does  not 
sare  to  use  the  iron  construction,  cypress  lumber  can  be 
obtained  for  the  erection  of  a  rose,  or,  in  fact,  of  any 
kind  of  a  greenhouse,  all  gotten  out  in  the  most  ap- 
proved sizes  and  shapes,  ready  to  be  fitted  together. 

There  are  a  half-dozen  or  more  firms  who  make  a 
Bpecialty  of  cypress  for  greenhouse  building,  among  the 
oldest  of  which  is  tho  Locklaud  Lumber  Co.,  of  Lock- 
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knd,  Ohio.  By  request  they  have  prepared  a  ground 
plan,  cross  section  and  details  of  a  rose  house  such  as 
they  furnish,  and  they  are  here  prostnted  as  suggestions 
to  prospective  builders.  The  cross  section  is  shown  in 
Fig.  82  and  is  so  clear  that  any  carpenter  could  put  the 
house  together.  The  details  are  shown  in  Chapter  VI, 
and  afford  us  an  idea  of  some  of  the  best  shapes  for  the 
different  parts  of  a  greenhouse,  and  the  way  to  put  them 
together.  The  patterns  do  not  differ  materially  from 
those  used  by  other  dealers  in  greenhouse  materials,  and 


FIG.    82.      SECTIOir  OF  ROSE  HOUSE   (WOOD). 

perhaps  the  best  advice  that  could  be  given  to  a  person 
intending  to  build  a  rose  house  would  be,  in  case  one 
could  not  afford  to  build  a  house  with  an  iron  frame- 
work, to  write  to  the  nearest  dealer  in  cypress  lumber  for 
plans  and  estimates  for  the  proposed  structure. 

As  a  partial  guide  in  the  matter,  the  following  esti- 
mate is  offered  as  the  probable  cost  of  cypress  lumber 
for  the  erection  of  a  three-quarter  span  rose  forcing 
house.  This  includes  all  lumber  required  above  the 
(rails  for  a  house  with  one  glass  gable ;  the  lumber  being 
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dressed  npon  four  faces  and  worked  to  proper  shape  with 
dimensions  as  given,  including  door  and  one  row  of 
ventilators. 

ESTIMATE  FOR  CYPRESS  LtTMEEB  FOR  A  THREE-QUARTER  SPAK 
FORCING  HOUSE,  100  FEET  BY  20  FEET. 


Gable  Plate, 

1%"  X  7"               20'  long 

@ 

$o.o7y2 

$1.50 

Side  Gutters,    Bottoms  and  two  sides 

200^ 

@ 

•11 '72 

23.09 

Ridge  Pieces, 

71/2"  X  134" 

100' 

@ 

.08 

8.00 

Ridge  Cap, 

IVa"  X  31  i" 

100' 

@ 

.02% 

2.50 

Purlin, 

1%"  X  314" 

100' 

@ 

.031/2 

3.50 

End  Rafters, 

1%"XS"     2  of    7'| 
'*                2  of  16'  J 

46' 

@ 

.031/4 

1.61 

Gable  Sash  Bars, 

For  one  sable. 

80' 

@ 

.01% 

1.40 

Roof  Sash  Bars, 

82  of   7'l 
82  of  16' i 

1,886' 

@ 

.021/4 

.43 

Header, 

1%"X2V4" 

100' 

@ 

.02ya 

2.50 

Ventilators, 

Sr  wide  1%" 

100' 

@ 

.16 

16.00 

Door  and  Frame, 

Door  y  X  7'  X  1%" 

4.75 

$107.19 

For  the  construction  of  the  walls  twenty-six  posts 
Beven  feet  long,  and  costing  about  twelve  cents  each  for 
cedar,  and  twenty-one  posts  twelve  feet  long,  which  will 
cost  about  twenty-five  cents  each,  or  about  ten  dollars 
for  posts,  will  be  required.  Red  cedar  will  cost  two  or 
three  times  as  much,  and  locust,  which  will  be  found 
very  durable,  will  vary  in  price  but  will  generally  cost 
less  than  red  cedar.  For  sheathing  the  building  1,300 
feet  of  matched  hemlock,  costing  from  $10.00  to  $15.00 
per  thousand,  will  be  required,  and  the  outside  siding 
will  take  1,500  feet,  which  will  cost  about  $20.00  per 
thousand.  A  small  amount  of  finishing  lumber,  build' 
ing  paper  and  nails  will  complete  the  exterior,  with  the 
exception  of  the  painting  and  glazing.  The  interior  will 
require  tables  and  walks,  gas-pipe  posts  and  ventilating 
and  heating  apparatus,  which,  with  hinges  and  other 
hardware  for  door  and  ventilators,  will  cover  the  neces- 
sary materials  for  the  erection  of  a  forcing  house. 

The  cost  of  the  lumber  will  be  about  $230.00; 
glass,  2,500  feet  at  $3.50  per  box  for  double  strength  B, 
1175.005  ventilating  apparatus,  $30.00;  nails  and  hard* 
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ware,  $6.00;  paint  and  putty,  S50.00;  building  paper, 
$5.00;  gas-pij^e  posts,  $12.50;  making  a  total  cost  of 
materials  for  the  house,  exclusive  of  labor,  of  about 
$500.00  to  $525.00.  The  heating  apparatus,  water  sup- 
ply, etc.,  will  be  additional.  The  former  will  cost  about 
$400.00  if  hot  water  is  used,  and  not  far  from  $340.  OC 
for  steam,  including  labor.  If  the  house  is  erected  bj 
hired  labor  the  cost  will  be  from  $250.00  to  $300.00  foi 
the  carpenters  and  painters,  according  to  the  experience 
of  the  men  and  the  wages  paid. 

Briefly  summarized  then,  the  cost  of  a  three-quartej 
span  forcing  house  complete  with  heating  apparatus 
will  be: 

Lumber  for  walls $60.00 

Lumber  for  roof  and  freighS 115.00 

Lumlier  for  benches 45.00 

Lumber  for  waUvS 10.00 

Glass,  50  boxes  10"  x  20" 175.00 

Paint  and  putty 60.00 

Ventilat ing  apparatus 30.00 

Hardware 6.00 

Building  paper 5.00 

Gas-pipe  posts,  P/^  inch  and  1  inch 12.50 

Labor,  carpenters $125.00  to  150.00 

Painters  and  glaziers 125.00  to  150.00 

Heater,  smoke  pipe,  etc 200.00 

Pipe,  valves,  and  fittings 100.00  to  150.00 

Labor 40.00  to    50.00 

Total $1,098.50  to  §1,208.50 

Or,  §11.00  to  §12.25  per  lin«ar  foot. 

In  the  above  estimate,  the  grading,  drainage,  water 
supply,  and  the  cost  of  a  jiotting  shed,  furnace  cellar, 
etc.,  are  not  considered.  Of  course,  the  cost  of  the 
lumber  and  the  expense  for  labor,  etc.,  would  vary  in 
different  localities,  so  that  no  estimate  f-an  be  made  that 
will  apply  in  all  cases,  but  where  lumb«^r  can  be  obtained 
at  from  $12.00  to  $20.00  per  thousand,  according  to  the 
grade,  and  labor  of  carpenters  and  painters  is  not  over 
$2.50  per  day,  the  above  will  be  sufficiently  reliable  to 
furnish  a  fair  idea  of  the  cost.    The  cost  of  an  even- 
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span  house  will  be  about  the  same,  anc!,  if  the  back  wall 
has  to  be  built  for  a  lean-to,  it  will  cost  fully  as  much  as 
the  others  for  the  same  width  of  house.  In  this  esti- 
mate over  1300.00  is  allowed  for  labor,  and  as  many 
florists  would  do  most  of  the  work  tbemselves,  a  consid- 
erable reduction  could  be  made  in  this  item. 


CHAPTER  XXIV. 

LETTUCE  HOUSES. 

Although  we  still  find  many  growers  of  lettuce  using 
houses  of  leiiu-to  or  narrow  even  span  construction,  the 
wide  houses  are  rapidly  superseding  them.  Perhaps 
the  largest  house  ever  erected  for  the  purpose  was  con- 
structed by  TV.  W.  Rawson  of  Arlington,  Mass.,-  who 
has  been  engaged  in  the  growing  of  lettuce  and  other 
garden  produce  for  the  Boston  market  for  many  years. 

This  house  is  three  hundred  and  seventy  feet  long 
and  thirty-three  feet  wide.  It  is  of  the  three-quarter 
span  form,  and  measures  fifteen  feet  high  at  the  ridge, 
with  a  south  wall  three  and  one-half  feet  high,  and  the 
north  one  twelve  feet  in  height.  The  glass  is  double 
strength,  twenty  by  thirty  inches.  The  crop  from  this 
one  house  is  about  two  thousand  dozen  heads,  which 
sometimes  brings  from  12,000.00  to  $2,500.00.  Three 
crops  are  grown  in  a  year  besides  a  croj)  of  cucumbers. 
"While  this  is  the  largest  house  of  the  kind,  there  are 
many  smaller  ones  constructed  upon  the  same  general 
lines,  and  they  seem  to  bo  uniformly  successful. 

LEAN-TO  LETTUCE  HOUSES. 

The  lettuce  is  a  plant  that  succeeds  well  in  a  lean-to 
lettuce  house,  such  as  is  used  by  many  of  the  lettuce 
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growers  in  the  vicinity  of  Boston,  of  which  a  cross  sec- 
tion is  shown  in  Fig.  83.  Like  all  lean-to  houses  these 
are  easily  warmed  and  are  cheaply  constructed,  but  they 
do  not  have  a  sufTicient  jiitch  to  the  roof  to  secure  the 
most  benefit  from  the  sun.  They  are  commonly  given  a 
pitch  of  about  eighteen  degrees,  but  even  at  this  slope, 
a  lean-to  roof  on  a  house  thirty-three  feet  wide  would 
require  a  north  wall  about  fifteen  feet  high,  while  a 
three-quarter  span  house  can  have  a  pitch  of  twenty-two 
degrees,  and  the  north  wall  need  not  be  over  ten  or 
twelve  feet  high. 

With  houses  up  to  a  width  of  twenty-five  feet,  a 
proper  slope  can  be  secured  without  carrying  the  north 


FIG.  83.     LEA]sr-TO  LETTUCE  HOUSE  {SecHon), 


wall  to  an  undue  height,  or  raising  the  glass  too  high 
above  the  plants ;  unless  upon  a  sidehill,  this  width 
cannot  be  very  much  exceeded  with  this  style  of  house. 
The  three-quarter  span  house  can  readily  be  made  eight 
or  ten  feet  wider  than  the  lean-to,  Avithout  carrying  the 
roof  to  a  greater  height,  while  the  north  wall  will  be 
considerably  lower  tlian  it  would  bo  in  the  lean-to.  Hav- 
ing determined  upon  the  width  and  style  of  roof  for  the 
house,  the  construction  will  be  very  simple,  if  the  sug- 
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gestions  given  in  Chapters  V.  and  VI.  as  to  the  best 

methods  of  erecting  the  walls  and  roof  are  followedc 

Lettuce  houses  should  have  from  eighteen  to  thirty 
inches  of  glass  in  the  south  wall,  and,  on  many  accounts, 
it  is  desirable  that  the  alternate  sash  at  least  be  arranged 
as  ventilators.  Particularly  in  the  wide  houses  with  fiat 
roofs,  the  sash  bars  should  be  somewhat  heavier  than  for 
small  houses  with  steep  slopes,  and  should  be  very  care- 
fully supported.  For  lean-to  houses  twenty-five  feet  wide, 
there  should  be  at  least  three  rows  of  purlins  and  purlin 
pos^s. 

A  house  of  this  description  will  require  a  back  wall 
at  least  ten  feet  high,  if  built  on  level  ground.  A  post 
and  double-boarded  wall  will  be  fully  as  satisfactory  as 
Dne  built  of  brick  or  masonry  of  any  kind.  For  con- 
venience in  handling  the  soil,  and  to  assist  in  ventilation, 
it  is  well  to  have  small  windows,  perhaps  two  and  one- 
half  feet  square,  once  in  ten  feet,  in  this  wall.  "When 
solid  beds  are  used,  the  south  wall  should  not  be  more 
than  three  and  one-half  feet  high,  although  it  may  be 
somewhat  higher  if  the  lettuce  is  grown  in  raised  beds. 

The  side-hill  houses  (Fig.  8)  will  also  be  found  quite 
desirable  for  lettuce  forcing,  as  they  are  nothing  more 
than  a  number  of  lean-to  houses  placed  close  together, 
and  they  will  be  found  not  only  economical  in  construc- 
tion and  heating,  but  in  land  and  in  labor  of  handling 
the  crops,  although  the  three-quarter  sj)an  houses  are 
generally  preferred  to  either  of  the  above  styies. 


CHAPTER  XXV. 

PROPAGATING  HOUSE. 

In  connection  with  every  greenhouse  there  should 
be  a  bench  for  the  rooting  of  cuttings,  and  in  large 
establishments  one  or  more  houses  will  be  required  for 
this  purxjose.  The  simplest  method  of  erecting  a  prop- 
agating house,  when  one  has  a  rose  or  other  three-quarter 
span  house,  is  shown  in  Fig.  Gl.  The  structure  is  known 
as  a  '*north-side  house,"  and,  if  it  is  not  entirely  needed 
for  propagating  i3urposes,  can  be  utilized  for  ferns,  yio- 
lets,  and  other  plants  that  thrive  without  direct  sunlight. 
In  arranging  some  establishments,  a  narrow  house, 
connecting  the  ends  of  the  main  houses,  is  often  a  con- 
venience. If  upon  the  north,  or  even  on  the  east  or 
west  ends,  as  it  generally  is,  this  head  house  can  be  made 
seven  feet  wide,  with  a  lean-to  roof,  and  will  serve  an 
excellent  purpose  as  a  propagating  house.  When  any  of 
these  locations  cannot  be  utilized,  a  narrow  even-span 
house  can  be  used  for  this  purpose,  and  will  be  well 
adajDted  for  it. 

The  construction  of  the  house  will  not  differ  from 
that  of  a  similar  house  for  other  purposes,  but  its  in- 
terior arrangement  should  be  somewhat  differeiit.  As  a 
table  for  a  propagating  house,  an  ordinary  greenhouse 
bench  will  answer,  but,  in  order  to  secure  and  control 
the  jnecessary  bottom  heat,  the  front  of  the  bench  should 
be  boarded  up,  with  one  board  on  hinges  so  that  it  can 
be  used  to  regulate  the  tem{)erature.  For  the  propaga- 
tion of  most  plants  this  bench  will  answer  as  well  as  a 
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more  elaborate  construction.  The  heating  pipes  should 
all  be  under  the  bench,  and  should  give  a  radiating  sur- 
face about  twenty-five  per  cent,  greater  than  would  be 
required  in  a  growing  house  for  the  same  plants  as  are 
to  be  propagated. 

WATER  BENCH. 

The  use  of  the  old-fashioned  wooden  water  bench 
has  been  abandoned,  although  the  galvanized  iron  water 
bench  is  quite  common.  If  this  is  used  the  trough 
should  be  about  four  inches  deep,  and  of  the  width  and 
length  of  the  proposed  cutting  bench.  It  should  be  well 
supported,  so  that  there  will  be  no  danger  of  its  settling 
at  any  point.  The  bottom  of  the  cutting  bench,  upon 
which  the  sand  is  to  be  placed,  should  be  just  above  the 
tank.  The  tank  should  be  connected  at  each  end  by 
means  of  one  and  one-fourth  inch  pipes  with  a  hot  water 
heating  apparatus.  When  the  heating  pipes  in  the  sys- 
tem are  all  below  the  level  of  the  tank,  no  cover  will  be 
required,  but,  if  at  any  point  the  piping  is  overhead,  a 
closed  tank  will  be  necessary,  or  an  independent  heater 
can  be  used  for  the  propagating  house,  in  tMcIi  case 
the  water  tank  will  answer  as  the  expansion  tank  for  the 
system.  When  tanks  are  used,  the  heating  pipes  should 
be  sufficient  to  maintain  a  temperature  of  forty-five  to 
fifty  degrees  without  the  tank. 

PROPAGATIKG   CASE. 

While  cuttings  of  most  plants  require  thorough  ven- 
tilation, many  stove  species  can  only  be  struck  with 
success  in  a  close,  moist  atmosphere.  When  only  a  few 
are  to  be  rooted,  the  required  conditions  can  be  secured 
by  the  use  of  a  bell  glass,  or  harxd  glass,  but,  if  many 
are  to  be  struck,  a  propagating  case  will  be  a  necessity. 
This  can  readily  be  constructed  upon  the  bench,  prefer- 
Mbly  at  the  warmer  end.     The  ends  and  front  can  be 
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made  of  sash  bars  and  glass.  A  portion  of  the  front, 
however,  should  be  of  glass  sash,  arranged  to  slide  by  one 
another  and  give  ready  access  to  all  parts  of  the  case. 


CHAPTER   XXVI. 


HOTBEDS. 


Among  the  movable  plant  structures,  we  have  what 
are  known  as  hotbeds  and  cold  frames.  They  differ 
only  in  the  degree  of  heat  they  receive,  the  cold  frame 
being  without  artificial  heat,  while  the  hotbed  is  heated 
by  fermenting  vegetable  substances,  generally  stable  ma- 
nure, leaves,  and  other  refuse.  The  hotbed,  in  some  of 
its  forms,  is  a  very  de- 
sirable, and,  in  fact, 
almost  a  necessary  ad- 
junct to  the  green- 
house, for  all  florists 
and  market  gardeners. 
On  the  other  hand, 
while  a  large  business 

can  be  carried  on  with  ^^^'  ^^'  hotbed  frame. 
hotbeds  alone,  the  possession  of  a  greenhouse,  small  and 
cheaply  constructed  though  it  be,  will  be  a  great  con- 
venience, particularly  to  the  market  gardener,  for  the 
starting  of  young  plants  during  the  severe  weather  of 
midwinter. 

The  simplest  kind  of  a  hotbed,  and  the  one  gener- 
ally used,  is  about  six  feet  wide,  and  of  any  desired 
length,  with  the  sash  sloping  toward  the  south.  While 
hotbeds  are  often  made  of  one-inch  boards,  or  are 
cheaply  constructed  of  waste  pieces  of  lumber,  they  will 
be  more  satisfactory  if  constructed  of  lumber  that  is  one 


160 


GEEENHOUSE    COKSTRUCTIOK. 


and  one-half  or  two  inches  thick,  carefully  framed 
together  and  painted.  A  very  satisfactory  hotbed  ca-n 
be  made  from  three  pieces  of  two-inch  hemlock  lumber 
one  foot  wide  and  twelve  feet  long.  In  order  to  give 
the  sash  a  proper  pitch  to  the  south,  one  side  of  the  bed 
should  be  made  six  inches  wider  than  the  other.  When 
j)lanks  with  a  width  of  twelve  inches  are  used  this  can 
be  readily  secured,  by  sawing  a  strip  three  inclies  wide 
from  the  edge  of  one,  and  nailing  it  to  the  edge  of 
another.  Fig.  84.  In  this  Avay  we  secure  a  plank  nine 
inches  wide  {B)  for  the  south  side  of  the  bed,  while  that 
for  the  north  side  (^4)  will  have  a  width  of  fifteen  inches. 
The  ends  should  be  cut  six  feet  long,  and  the  proper 
slope  can  be  given  them  by  sawing  off  a  triangular  strip 
from  one  end,  and  nailing  it  upon  the  other  end  of  the 
piece,  as  at  C\  in  Fig.  84. 

PORTABLE   FRAMES. 

A  portable  hotbed  frame  is  often  used,  and  as  it"  can 
be  taken  apart  and  stored  out  of  the  sun  and  rain  for 


FIG.    85.       PRAME   AND    SASH. 

six  months  of  tlie  year,  it  will  last  for  many  seasons. 
By  fastening  irons  of  proper  shape  to  the  ends  of 
each  of  the  side  boards,  and  boring  holes  to  correspond 
in  the  end  pieces,  the  frame  can  be  held  together  by 
washers  and  pins,  as  shown  at  U,  Fig.  84.  Cross  bear- 
ers, D,  four  inches  wide  and  one  inch  thick,  dovetailed 
into  the  edges  of  the  front  and  back  boards,  will  keep 
the  bed  from  spreading,  and  will  serve  as  slideis  for  tha 
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sash.  If  a  strip  of  oiie-incli  board  is  fastened  to  the 
middle  of  the  upper  side  of  each  cross  bearer  it  will  serve 
to  strengthen  it,  and  to  hold  the  sash  in  place.  Another 
method  of  ventilating  the  bed  is  illustrated  in  Fig.  85. 
For  the  purpose  of  retaining  the  heat  in  cold  weather, 
straw  mats  and  wooden  shutters  are  desirable. 

MATS   AJy'D   SHUTTERS. 

For  the  mats,  a  supply  of  long  rye  straw,  tarred 
rope,  and  strong  linen  twine  are  necessary.  There  are 
various  ways  of  making  the  mats,  one  of  the  simplest 
being  upon  a  frame  of  two  by  four  inch  lumber  of  the 
same  size  as  the  mats.  With  long  straw,  a  mat  six  and 
Sne-half  feet  square  can  be  made,  but  the  usual  size  is 


FIG.    86.       HOTBID    SHUTTER. 

about  four,  or  five,  by  seven  feet.  The  tarred  rope  is 
stretched  lengthwise  of  the  frame,  so  as  to  bring  tliP 
strands  one  foot  apart  and  six  inches  from  each  side,  and 
fastened  to  stout  pegs.  For  a  mat  six  and  one-half  feet 
square,  the  straw  should  be,  at  least,  four  feet  long. 
Bundles  of  straw  as  large  as  can  be  enclosed  by  the 
thumb  and  middle  finger,  are  placed  on  the  frame,  with 
the  butts  even  with  the  sides,  and  are  tied  in  place  with 
stout  hemp  twine.  The  bundles  thus  lap  in  the  center 
about  two  feet,  and  the  ends  will  keep  the  center  even 
with  the  sides.  With  straw  still  longer  than  this,  a  mat 
about  five  feet  wide  can  be  made  without  any  laps  of  the 
straw,  by  placing  the  butts  alternately  to  the  right  and 
11 
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left,  one  length  of  straw  reaching  across  the  mat.  If 
the  mats  are  kept  covered  with  the  shutters,  and  are 
stored  where  the  mice  cannot  destroy  them,  they  can  be 
used  for  many  years. 

The  shutters,  Fig.  86,  for  covering  the  mats  should 
be  six  and  one-half  feet  long,  and  three  feet  to  three  feefc 
and  six  inches  wide.  Made  of  half-inch  matched  lum- 
ber, with  cleats  at  the  ends  and  across  the  middle,  and 
with  handles,  they  form  a  useful  addition  to  one's 
equipment. 

HOTBED    YARD. 

Unless  they  can  be  placed  where  they  will  be  shel- 
tered by  buildings,  a  tight  board  fence  upon  the  north. 
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FIG.    87.       HOTBED   YARD. 

east  and  west  sides  will  be  desirable.  The  land  should, 
if  possible,  slope  slightly  to  the  south,  and  the  rows  of 
frames  should  be  regularly  arranged.  In  Fig.  87  will  be 
seen  a  convenient  arrangement  for  a  frame  yard.  There 
is  an  opportunity  for  a  team  to  pass  entirely  around  the 
frames,  and  through  the  center  in  either  direction. 
There  should  be  a  hydrant  for  furnishing  water  at  the 
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center  of  the  plat.  A,  or  at  some  other  conyenient  point. 
1,  2  and  3  are  sheds  for  the  storage  of  sash,  shutters,  etc. 
If  one  has  but  a  few  frames  it  will  be  desirable  to  have 
them  seven  feet  apart,  which  will  give  space  for  the  sash 
to  be  drawn  off,  and  will  allow  a  cart  to  dump  its  load 
of  manure  or  soil  between  the  frames.  "When  a  large 
number  of  frames  are  used,  and  especially  if  the  land  is 
valuable,  it  will  be  better  to  have  the  rows  from  two  to 
three  feet  apart.  The  shutters  and  sash  can  then  be 
placed  in  piles  at  the  end  of  the  rows.  If  only  a  small 
amount  of  ventilation  is  needed,  the  sash  can  be  slipped 
up  or  down,  or  can  be  raised,  as  seen  in  Fig.  85. 

MAKING    THE    BED. 

For  a  winter  hotbed,  the  heating  material  should 
have  a  depth  of  from  two  to  two  and  a  half  feet,  while 
in  the  spring  one-half  that  depth  will  answer.  An  exca- 
vation two  feet  wider  than  the  frame,  and  of  the  required 
depth,  should  be  made,  in  order  to  prevent  the  frost 
from  working  into  the  bed,  although  for  spring  use  the 
same  result  may  be  effected  by  piling  fresh  manure  about 
the  frame.  The  heating  material  is  generally  fresh 
horse  manure.  Unless  it  contains  a  liberal  amount  of 
straw,  or  similar  bedding  material,  something  of  the 
kind  should  be  added,  so  that  it  will  not  be  more  than 
one-half  of  clear  manure.  Oak  leaves,  also,  make  a 
good  material  to  mis  with  the  manure,  as  they  will  hin- 
der, and,  consequently,  prolong  the  decomposition  of 
the  mass,  thus  giving  an  even  heat. 

About  two  weeks  before  the  bed  is  wanted,  the 
material  should  be  placed  in  a  pile  about  eight  feet  wide 
and  four  feet  high,  with  a  flat  top  and  vertical  sides. 
The  pile  should  preferably  be  made  in  a  shed  or  manure 
cellar,  but  may  be  in  the  open  air,  or  even  in  the  frame 
itself.  In  three  or  four  days  it  will  be  fermenting  rap- 
idly, and  should  then  be  forked  over,  throwing  the  out- 
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side  portion  to  the  center ;  at  the  end  of  two  or  three 
days  the  pile  should  be  well  warmed  up,  and  the  bed 
may  be  made,  or,  if  it  has  not  warmed  evenly,  it  should 
be  again  turned  over,  before  being  placed  in  the  frame. 
In  Avorking  over  the  pile,  all  coarse  lumps  should  be 
broken  up,  and  the  heap  should  be  left  as  light  as  possi- 
ble, to  encourage  fermentation.  If,  when  the  material 
is  placed  in  the  frame,  it  is  quite  warm,  it  may  be  lev- 
eled off  and  firmly  tramped  down,  filling  it  up  to  within 
six  or  eight  inches  of  the  glass.  Should  it  not  be  as 
warm  as  is  desirable,  it  may  be  best  to  delay  the  final 
tramping  for  a  couple  of  days. 

The  bed  is  now  ready  for  the  soil,  Avhicli  should  be 
a  rich  compost.     For  many  crops  the  soil  and  manure 


FIG.    88.       COLD    PIT. 

from  an  old  bed  will  answer.  The  best  materials  would 
be  equal  parts  of  pasture  sods,  decomposed  manure,  gar- 
den soil,  and  sand  enough  to  make  a  light  mass  and  pre- 
vent baking,  spread  over  the  manure  to  the  depth  of  six 
inches.  For  two  or  three  days  there  will  be  a  violent 
heat  in  the  bed,  but  this  will  soon  go  down  and  the  bed 
will  be  ready  for  seeds  or  plants.     If,  while  preparing 


DETACHED   COLD    FRAMES    AXD   PITS.  165 

the  manure  for  the  bed,  it  is  found  to  be  dry,  it  should 
be  moistened  with  tepid  water  from  a  watering  can. 

In  caring  for  hotbeds,  the  mats  and  shutters  should 
be  taken  off  on  j)leasant  days,  as  soon  as  the  sun  is  well 
up,  and  on  bright  days  the  beds  should  be  given  air 
about  the  same  as  in  a  forcing  house.  The  beds  should 
be  closed,  at  least,  two  hours  before  sunset,  and  the  cov- 
ers should  be  put  on  as  the  sun  goes  down. 

"While  hotbeds  are  a  great  convenience  after  the  first 
of  March,  they  are  each  year  becoming  less  used  for  the 
growing  of  winter  crops.  The  cost  of  forcing  houses  is 
but  little  more,  and  they  are  much  more  convenient  and 
in  every  way  more  satisfactory. 

DETACHED    COLD   FRAMES   A^T)   PITS. 

The  most  common  form  of  cold  frame  (a  hotbed 
frame  and  sash  without  any  heating  material)  is  a  low 
structure  used  to  carry  through  the  winter  pansies,  vio- 
lets and  other  half  hardy  plants,  or  for  the  growing  of 
vegetables  and  bedding  plants,  before  the  danger  of  frost 
in  the  open  ground  is  over  in  the  spring.  For  many 
purposes,  however,  a  deep  frame  or  pit  is  desirable.  In 
Fig.  88  is  a  cross  section  of  such  a  structure.  If  made 
eight  feet  wide  inside,  ^ve  or  six  feet  deej)  at  the  plate, 
and  of  any  length,  it  will  be  found  one  of  the  most  use- 
ful "rooms"  in  a  greenhouse  establishment.  The  walla 
may  be  of  wood,  brick,  stone  or  concrete,  and  the  top 
should  consist  of  plates,  firmly  anchored  to  the  walls,  a 
ridge,  rafters  and  hotbed  sash.  For  a  pit  eight  feet 
wide  inside,  the  sash  on  one  side  should  be  about  six  by 
three  feet,  and  on  the  other  four  by  three  feet,  or  if  ten 
feet  wide,  an  even  span  roof  can  be  made,  with  sash  six 
by  three  feet  on  both  sides.  With  mats  and  shutters, 
frost  can  be  kept  out  from  a  deep  pit  of  this  kind.  As 
in  Fig.  88,  a  double  use  can  be  made  of  such  a  frame. 
By  placing  a  plank  floor  about  one  foot  below  the  plate. 
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the  upper  portion  can  be  used  for  violets  and  similar 
plants,  while  bulbs  for  winter  forcing  can  be  plunged  in 
Band  upon  the  bottom.  It  can  also  be  used  for  winter- 
ing a  great  variety  of  plants.  In  Fig.  10  can  be  seen  a 
very  convenient  frame  against  a  greenhouse  wall.  By 
means  of  slides  in  the  wall,  a  sufficient  supply  of  heat 
can  be  admitted  from  the  greenhouse  if  desired. 


CHAPTER  XXVII. 

COi^SERVATORIES. 

As  usually  applied,  this  term  refers  to  small  green- 
houses attached  to  dwellings,  in  which,  although  plants 
may  be  grown,  the  real  object  is  to  have  plants  shown 
that  are  attractive,  either  in  foliage  or  flower.  ■  In  a 
strict  sense,  however,  a  conservatory  is  a  structure  in 
which  plants  that  have  been  developed  in  narrow  and 
comparatively  low  greenhouses,  known  as  growing  houses, 
are  shown  during  their  period  of  flower.  They  may  be 
attached  to  the  dwelling  or  other  building,  Fig.  89,  but 
are  generally  detached  buildings  surrounded  by  the  vari- 
ous growing  houses.  In  another  chajoter  descriptions 
will  bo  found  of  various  small  structures  adapted  to  the 
wants  of  amateurs,  but  at  present  we  shall  consider  vari- 
ous combinations  of  glass  structures,  consisting  of  con- 
servatories or  show  houses,  with  the  necessary  subsidiary 
growing  houses,  such  as  would  require  the  care  of  a  pro- 
fessional gardener. 

In  addition  to  the  large  number  of  public  institu- 
tions where  large  conservatories  are  desirable,  the  num- 
ber of  private  individuals  who  have  the  means  to  erect 
and  maintain  establishments  of  this  kind,  and  taste  to 
appreciate  the  beauties  of  the  flowers  and  plants  grown 
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in  them,  is  constantly  increasing.  The  use  of  plants  for 
purposes  of  lawn  and  house  decoration,  and  of  flowers 
for  embellishing  the  table,  the  parlor,  or  the  person,  has 
become  so  common  that  where  one  can  afford  it,  the  pos- 
session of  a  greenhouse  has  become  very  desirable,  and 
almost  a  necessity  in  some  cases. 

Conservatories,  in  proportion  to  their  length,  are 
much  wider  and  higher  than  the  growing  houses,  and, 
in  fact,  there  is  practically  no  limit  to  their  size,  except 
the  money  to  erect  and  maintain  them.  They  are  usu- 
ally erected  upon  a  brick  or  stone  foundation  about  two 
and  one-half  feet  high,  and  with  vertical  glass  sides 
above  this  to  the  height  of  from  six  to  ten  feet  above  the 
masonry.  The  width  of  the  house  may  vary  from  twenty 
or  twenty-five  feet,  to  eighty  or  one  hundred  and  even 
more,  and  the  length  may  be  as  desired.  For  narrow 
houses,  up  to  a  width  of  thirty  feet,  the  even  span  roof 
with  straight  rafters,  continuous  from  ridge  to  plate, 
will  be  the  least  expensive  ;  it  will  grow  the  best  j)lants, 
and,  if  made  in  proportion,  will  not  be  displeasing. 

For  a  house  of  this  kind  the  slope  of  the  roof  should 
be  about  thirty-five  degrees.  Twenty  years  ago  it  was 
the  custom  to  surmount  conservatories  of  this  kind  with 
a  lantern  top  about  six  feet  wide,  Fig.  90,  two  feet  high 
at  the  plate,  and  three  at  the  ridge,  running  the  length 
of  the  house.  These  had  ventilators  in  the  side  walls, 
which  were  desirable  in  summer,  but  during  the  winter 
they  added  greatly  to  the  consumption  of  fuel.  The 
lanterns  were  so  narrow  that  they  were  of  little  use, 
except  to  add,  in  a  slight  degree,  to  the  appearance  of 
the  house.  They  are  now  no  longer  used  except  upon 
very  wide  conservatories,  where  they  are  so  constructed, 
as  shown  in  Fig.  91,  that  they  add  from  five  to  ten  feet 
to  the  height  of  the  house,  and  are  of  such  a  width  that 
this  space  can  be  utilized  by  tall  plants.  The  straight 
sash  bars  can  also  be  used  in  wide  houses,  but  they  will 
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have  a  Larn-liko  appearance,  unless  the  roof  is  broken  by 
gables  and  secondary  slopes.  This  method  of  building 
greenhouses  has  many  things  in  its  favor,  that  are  wor- 
thy of  commendation.  It  is  in  the  wide  conservatories 
that  the  curvilinear  roofs  are  particularly  desirable.  In 
themselves  they  are  quite  ornamental,  and  they  moreover 
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FIG.  91.     CONSERVATORY  (Section), 

form  a  convenient  method  of  arching  over  any  wide 
space,  as  shown  in  the  cross  section.  Fig.  91,  and  in 
perspective  in  Fig.  105. 

IRON"   HOUSES. 

For  any  structure  of  this  kind,  wood  is  too  perish- 
able, and  the  necessary  strength  could  only  be  secured 
by  the  use  of  a  heavy  framework.'  Of  all  materials  at 
present  available,  architectural  iron  seems  best  adapted 
for  this  work,  and  all  sills,  posts,  rafters,  braces,  ridges, 
purlins  and  supports  should  be  of  this  material.  There 
seems  to  be  but  little  choice  between  cypress  and  metal 
sash  bars  for  large  conservatories,  aside  from  the  larger 
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expense  that  must  be  incurred  for  the  latter.  K  the 
latter  are  used,  it  is  desirable  that  they  should  have  a 
steel  core,  as,  if  constructed  of  cojjper,  zinc,  or  galvan- 
ized iron,  they  are  likely  to  bend  and  crack  the  glass. 

The  first  cost  of  the  iron  roof  is  considerably  more 
than  for  cypress,  and,  in  order  to  be  lasting  and  free 
from  rust,  it  will  need  to  be  painted  fully  as  often.  A 
metallic  glazed  house  is  harder  to  heat  than  a  putty 
glazed  one,  and  after  a  year  or  two  is  likely  to  leak  heat 
from,  and  rain  into  the  house.  With  the  same  attention 
to  painting  and  repairing  a  wooden  roof  as  is  necessary 
■with  an  iron  one,  the  house  will  be  tighter,  easier  to 
heat,  there  will  be  less  drip,  and  it  will  be  in  a  good 
state  of  preservation  at  the  end  of  twenty-five  or  thirty 
years.  Although  practically  indestructible,  the  glazing 
strips  used  in  the  iron  houses  will  have  become  so  bent 
and  out  of  shape  that  many  of  them  will  require  renewal 
even  before  this  time. 

INTERIOR   ARRANGEMEKT  OF  THE  CON"SERVATORY. 

In  arranging  the  interior  of  the  conservatory,  it  will 
be  well  to  use  all  of  the  center  of  the  building  for  large 
palms,  bananas,  bamboos,  tree  ferns,  and  other  tall- 
growing  plants.  Fig.  92.  They  should  be  planted  in 
the  ground,  and  so  arranged  as  to  present  as  natural  an. 
appearance  as  possible.  The  walks  should  be  of  gener- 
ous widths,  and  so  arranged  as  to  bring  into  view  all 
parts  of  the  house.  The  portion  of  the  house  next  to 
the  walls  may  be  aiTanged  in  the  same  manner  as  the 
center,  but  it  is  desirable  to  have  a  portion  of  it,  at  least, 
supi^licd  with  tables,  upon  which  plants  in  flower  may 
be  disi)laycd.  If  they  are  combined  with  ferns  and 
ornamental-leaved  plants  the  effect  will  be  very  pleasing. 
This  is  really  the  purpose  of  a  conservatory,  since,  as  is 
usually  the  case,  if  it  is  kejit  at  a  temperature  of  fifty- 
five  to  sixty  degrees  when  plants  are  brought  in  from 


INTERIOR  ARRANGEMENT  OF  CONSERVATORY. 


173 


174 


GREENEOUSE    CONSTRUCTION. 


the  stove  and  otlier  warm  rooms,  tlie  flowers  will  be  con* 
served,  and  will  last  must  longer  than  if  kept  at  a  high 
temperature.  Frequently  the  large  rooms  are  used  for 
growing  collectionri  of  the  more  ornamental  palms,  and 
are  known  as  palm  houses.  Fig.  93. 

THE   STOVE   HOUSE. 

As  first  used,  the  term  "^ stove"  was  applied  to 
greenhouses  in  which  artificial  heat  was  supplied  by 
n-eans  of  stoves.  As  is  frequently  the  case,  the  name  of 
the  object  became  attached  to  the  building  in  which  it 
was  used,  an^  a  stove  house  to-day  is  merely  a  hothouse 
with  a  temperature  of  sixty-five  to  seventy-five  degrees. 
As  a  rule,  these  are  considerably  narrower  and  lower 
than  the  conservatories  or  palm  houses.     They  are  sel- 
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dom  wider  than  twenty  or  twenty-five  feet,  and  from 
twelve  to  twenty  feet  in  height.  IE  built  upon  a  ma- 
sonry foundation  two  and  a  half  feet  high,  the  vertical 
side  walls  are  usually  about  two  and  one-half  or  three 
feet  high,  with  side  ventilators.  The  roof  has  an  angle 
of  thirty  to  thirty-five  degrees,  with  ventilators  on  each 
side  of  the  ridge. 

This  house  should  have  side  tables,  and  a  wide  cen- 
ter table  may  be  used,  or,  if  the  plants  are  large,  they 
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may  be  planted  or  plunged.  In  Fig.  94  is  seen  a  cross 
section  of  a  stove  house  with  a  curviliuear  roof,  while  in 
rig.  95  an  interior  view  of  the  same  house  is  seen. 

When  one  does  not  desire  tlic  curvilinear  roof  for 
itself,  a  stove  room  built  with  straight  sash  bars  will 
give  fully  as  good  results.  A  very  pleasing  effect  may 
be  produced  when  stove  plants  and  orchids  are  grown  in 
the  same  room.  So  far  as  the  construction  of  the  house 
itself  is  concerned,  a  stove  house  does  not  differ  from 
others  of  the  same  general  style,  except  that  to  obtain 
the  proper  temperature,  the  radiating  surface,  provided 
in  the  steam  or  water  pipes,  must  be  considerably  larger 
than  for  most  houses. 

COOL  HOUSES. 

In  all  establishments  of  this  kind  there  should  be, 
at  least,  one  house  in  which  a  maximum  night  tempera- 
ture of  fifty  degrees  is  maintained,  for  such  plants  as 
do  not  require  the  stove  room  heat.  In  a  general  way, 
their  construction  would  be  the  same  as  for  a  stove 
house,  although,  as  a  rule,  a  narrower  house  will  answer. 
Where  many  bedding  plants  are  used  for  lawn  decoration 
in  the  summer,  a  similar  house  will  be  required  for  that 
purpose.  If  desired,  a  jjortion  of  this  room  could  be 
used  for  propagating  j^urposes,  or  a  narrow  house  could 
be  erected  especially  for  propagation. 

When  large  palms,  and  other  similar  jjlants,  are 
used  upon  the  lawns  during  the  summer,  they  should  be 
stored  in  a  cool  house,  and  if  no  other  place  is  at  hand, 
a  lean-to  against  a  shed  or  other  building  can  be' cheaply 
erected,  and  a  i)roper  temperature  can  bo  maintained  at 
very  little  expense.  For  many  of  the  broad-leaved  ever- 
greens, that  should  be  kept  in  a  dormant  condition  dur- 
ing the  winter,  a  north  side  lean-to  house  is  quite 
desirable. 
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As  indicfitecl  above,  orchids  can  be  grown  in  stove 
houses  with  other  plants,  and  for  many  amateurs  no 
special  orchid  house  need  be  jjrovided,  but  when  the  col- 
lectious  are  hirge,  it  will  be  v/ell  to  have  houses  set  apart 
for  their  use.  It  is  generally  admitted  that  no  form  of 
construction  is  better  adapted  for  orchid  culture  than 
the  sjian  roof  house.  Many  growers  have  made  the  mis- 
take of  erecting  high  and  wide  houses,  while,  had  they 
confined  themselves  to  structures  not  over  sixteen  or 
eighteen  feet  wide,  and  ten  or  eleven  feet  high,  they 


FIG.  96.     ORCHID  HOUSE  {SecHon). 

would  have  obtained  more  satisfactory  results,  to  say 
nothing  of  the  loss  in  cost  of  construction  and  fuel. 

The  orchids  are  divided  into  three  groups, — stove, 
intermediate  and  cool  house, — from  the  temperature  in 
which  they  thrive  best,  and  houses  should  be  provided 
accordingly.  If  an  orchid  house  sixty  to  seventy-five 
feet  long  is  erected,  it  can  be  divided  by  cross  partitions 
into  three  rooms,  which  can  be  adapted  for  the  differ- 
ent classes  of  orchids  by  a  jiroper  adjustment  of  the 
heating  pipes. 

For  small  plants,  a  house  only  tw^elve  feet  wide  and 
eight  feet  high  at  the  ridge  will  be  even  easier  to  erect 
and  heat,  but  the  moisture  and  temperature  caunot  be 
1^ 
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controlled  as  well  as  in  a  wider  house.  For  some  of  the 
cool  house  orchids,  a  lean-to  house  answers  quite  well, 
and  where  Cattleyas  are  grown  in  large  quantities  for 
market,  the  three-quarter  span  house  will  give  good 
satisfaction. 

In  Fig.  96  will  he  found  a  section  of  an  orchid 
house,  showing  the  arrangement  of  the  tables  and  venti- 
lators. At  least  two  feet  of  the  side  walls  should  he 
above  the  masonry,  giving  sixteen  or  eighteen  inches  of 
glass.  There  should  be  two  lines  of  ventilators  at  the 
ridge,  and  some  means  of  bottom  ventilation  should  also 
be  provided.  In  the  intermediate  and  Mexican  houses 
the  vertical  sash  in  the  side  walls  may  be  used  as  venti- 
lators, but  in  the  stove  or  East  Indian  house  all  drafts 
of  cold  air  are  injurious,  and  it  is  preferable  to  admit 
the  fresh  air  under  the  tables. 

All  orchids  require  very  careful  shading  during  the 
summer.  A  thin  permanent  shading  may  be  given  in 
the  spring,  but  the  main  reliance  should  be  upon  blinds 
or  curtains  of  canvas  or  netting,  that  can  be  drawn  ujd 
except  while  the  sun  is  shining  bright.  In  dull  weather 
a  thick  permanent  shading  would  be  injurious  to  the 
plants. 

GRAPEEIES. 

The  large,  choice  varieties  of  European  grapes  are 
not  hardy  in  our  latitude,  and  some  protection  must  be 
provided  for  them  if  we  are  to  grow  them.  Many  varie- 
ties can  be  grown  in  a  glass  liouse  even  without  heat, 
and  to  such  a  building  the  name  of  ''cold  grapery"  has 
been  given.  Some  varieties  require  heat  to  bring  them 
to  maturity,  while  others  can  be  brought  in  quite  early 
if  started  in  winter  witli  artificial  heat,  and  for  such 
purposes  the  "hot  grapery"  is  used,  although  the  name 
"forcing  grapery"  is  also  applied  to  it. 

While  almost  any  greenliouso  will  answer  for  grow- 
ing grapes,  experience  has  shown  that  certain  forms  are 
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better  tlian  others.  For  tlie  forcing  grapery  nothing 
seems  to  be  better  than  the  narrow  lean- to  or  two-third 
span,  such  as  is  seen  in  cross  section  in  Fig.  97,  as  it 
furnishes  a  warm  back  wall  against  which  the  vines  can 
be  trained,  and,  like  all  lean-to  houses,  it  is  cheaply  con- 
structed and  heated.  The  three-quarter  span  houses  are 
also  excellent  for  either  forcing  or  cold  graperies,  but 
unless  one  has  walls  that  can  be  used  for  this  purpose  it 
will  be  preferable  io  build  span  roof  houses  running 


na.  97.     FORCING  GRAPERY  {SecHon), 

north  and  south,  except  when  grapes  are  to  be  forced  in 
the  winter.  The  span  roof  house.  Fig.  98,  encloses  a 
larger  body  of  air  than  either  of  the  other  houses,  and  it 
will  be  easier  to  regulate  the  temperature  and  the  moist- 
ure in  such  a  house  than  in  a  narrow  one.  In  addition 
to  the  above  reason  the  wide  houses  are  preferable,  as 
they  have  longer  rafters  and  afford  more  space  for  train- 
ing the  vines. 

The  curvilinear  roof  is  frequently  used  for  vineries, 
and  in  Fig.  99  is  shown  a  section  of  a  curvilinear  house. 
They  give  somewhat  longer  rafters  for  training  the  vines, 
but  they  Lave  no  other  advantage,  except,  perhaps,  iu 
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appearance,   and    tins  Avill  not  counterbalance  the  in- 
creased cost. 

The  even  span  greenhouses,  with  straight  sash  bars, 
seem  to  be  the  favorite  form  for  graperies.  In  their 
general  construction  they  do  not  differ  from  even  span 
structures  of  similar  dimensions  used  for  other  purposes, 
and  for  the  details  of  construction  reference  is  made  to 
Chapters  V  and  VI.  There  are,  however,  certain  points 
that  should  be  considered  in  erecting  a  graj^ery.     If  i'lA 


FIG.  98.     EVEN  SPAN  GRAPERY  {Section). 

house  is  a  wide  one,  the  slope  of  the  roof  may  be  less 
than  if  it  is  comparatively  narrow,  and  thirty-five,  or 
even  thirty  degrees  pitch  will  be  sufficient  in  one  case, 
while  forty,  or  perhaps  forty-five  degrees,  may  be  desir- 
able in  another. 

In  choosing  a  site  for  a  grapery,  it  is  well  to  have  it 
somewhat  slieltered  from  the  north  and  east,  and,  by  all 
means,  it  should  be  well  drained  to  tlie  depth  of  three 
feet,  that  the  border  may  not  become  wet.  The  situa- 
tion should  be  such  that  it  will  not  be  affected  either  by 
the  siuide,  or  tlie  roots  of  large  trees,  which  might  get 
into  the  border  and  steal  from  the  vines. 
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The  "wall  of  brick  or  stone,  if  either  be  used,  should 
extend  for  a  foot  or  so  above  the  level,  and  i^  a  j)ortiou 
of  the  border  is  to  be  on  each  side  of  the  wall,  arches 
should  be  left  in  the  wall  at  intervals  of  about  three  feet, 
with  openings  at  least  one  foot  square  through  which 
the  roots  can  make  their  way.  Upon  this  wall  there 
should  be  one  of  wood  two  feet  high,  with  continuous 
(Side  ventilation  (see  Fig.  98).  If  it  is  desired  to  make  the 
nrst  cost  as  low  as  possible,  the  side  walls  may  be  built 
of  wood,  without  the  use  of  a  stone  foundation,  but  in 
the  damp  border  it  will  not  be  very  durable,  and  the 
torm  of  wall  described  above  is  preferable.     The  roof 


FIG.    99.       CURVILINEAR    GRAPERY    {SecHoil). 

should  be  somewhat  stiffer  than  for  an  ordinary  green- 
house, but  it  need  not  be  different  in  construction  from 
those  described  in  Chapter  VI.  There  should  be,  at 
least,  one  line  of  ventilation  at  the  ridge,  and  preferably 
two  in  a  wide  house. 

While  steam  could  be  used  for  heating  vineries,  it 
has  not  to  any  extent,  hot  water  being  relied  on  for  the 
most  jiart.  The  flue  is  not  satisfactory  and  is  but  little 
used.  In  arranging  the  pipes,  it  is  best  to  have  them 
three  or  four  feet  from  the  vines,  as,  if  in  close  proxim- 
ity, they  might  unduly  dry  out  the  border,  and  would 
Nnd  to  invite  the  development  of  the  red  spider.     The 
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radiation  should  be  ample,  and  so  supplied  with  valves 
that  tho  amount  of  heat  furnished  can  be  regulated  at 
pleasure. 

Some  arrangement  should  be  made  for  training  the 
vines,  and  perhaps  the  simplest  form  of  trellis  will  be 
made  of  No.  13  galvanized  wires,  arranged  one  foot 
apart,  and  suspended  about  fifteen  inches  below  the 
sash  bars  (Figs.  97  and  98). 

OECHARD   HOUSES. 

In  many  sections  of  the  country  some  of  our 
choicest  fruits,  such  as  peaches,  nectarines,  apricots, 
sweet  cherries,  etc.,  cannot  be  grown  in  the  open  air, 
and  if  their  cultivation  is  attempted  it  must  be  under 
glass.  In  Europe  fruit  houses  are  very  common,  and 
for  many  years  have  formed  an  imjDortant  part  of  the 
greenhouses,  not  only  upon  the  large  estates,  but  in  con- 
nection with  the  cottages  of  the  middle  classes.  On  this 
side  of  the  Atlantic,  the  ease  with  which  these  crops  can 
be  grown  in  favorable  localities,  and  the  abundance  and 
cheapness  of  the  sub-tropical  fruits  from  Florida  and 
California,  have  united  to  restrict  the  use  of  orchard 
houses.  While  it  is  doubtful  if  they  can  be  made  profit- 
able as  commercial  ventures,  except  under  unusually 
favorable  conditions,  many  persons  find  them  very  desir- 
able to  furnish  a  supply  of  fresh  fruit  out  of  season  for 
their  own  tables. 

In  their  construction,  orchard  houses  do  not  greatly 
difEer  from  graperies.  The  walls  are  built  in  the  same 
manner,  but  should  have  a  height  of  six  feet,  at  least 
one-half  of  wliich  should  be  of  glass.  They  may  be 
constructed  of  wood  or  iron  posts  and  boards  up  to  a 
height  of  two  feet,  or  they  may  have  a  masonry  founda- 
tion with  a  brick  wall  above.  Tho  glass  in  the  side  walls 
should  be  from  three  to  four  feet  high,  and  at  least  one- 
half  of  it  should  be  in  the  form  of  ventilators,  hinged  at 
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the  top.  The  roof  may  be  either  of  movable  sash  or 
of  fixed  sash  bars,  the  latter  being  preferable  if  the  house 
is  to  be  a  permanent  one.  In  this  case  iron  posts,  raf- 
ters, purlins  and  ridge,  with  cypress  sash  bars,  can  be 
used  to  advantage.  With  tlie  higli  walh',  to  give  room 
for  the  trees  at  the  sides  of  the  houses,  it  will  be  desir= 
able,  particularly  if  tiic  house  is  a  wide  one,  to  give  the 
roof  a  comparatively  low  pitch,  in  order  to  bring  the 
glass  down  as  near  as  possible  to  the  plants  in  the  center 
of  the  house.  A  slope  of  twenty-six  degrees  will  answer, 
and  if  the  house  is  more  than  twenty-five  feet  wide, 
twenty  degrees  will  be  j)referable.  Ample  means  of 
ventilating  the  houses  should  be  provided.  In  addition 
to  the  row  under  the  plate,  there  should  be  one,  in  nar- 
row houses,  and  two  in  wide  ones,  at  the  ridge,  and  doors 
or  ventilators  in  the  ends  are  also  desirable. 

While  any  form  of  house,  lean-to,  even  span,  or 
three-quarter  span,  curvilinear  or  straight,  may  be  used, 
the  wide  even  span  will  be  most  satisfactory,  as  the  light 
will  be  more  evenly  distributed  than  in  either  of  the 
other  forms,  and  the  temperature  and  moisture  will  be 
easier  to  regulate  than  in  a  lean-to  or  in  a  narrow  house. 
While  houses  not  over  twelve  or  fifteen  feet  wide  will  give 
fair  results,  a  width  of  eighteen,  twenty,  or,  better  yet, 
twenty-five  feet  will  be  preferable.  The  lean-to  will  be 
a  cheap  form  to  erect,  when  it  can  be  built  against  the 
south  wall  of  a  building,  but  when  this  cannot  be  done, 
an  even  span  house  will  cost  no  more,  and  will  be  much 
more  satisfactory.  With- a  lean-to  construction,  a  house 
about  fifteen  feet  wide  can  be  built  when  the  south  wall 
is  five  or  six  feet  high  and  the  north  one  fourteen  or  fif- 
teen feet.  While  not  really  desirable,  a  narrow  lean-to 
house  six  to  ten  feet  wide  can  be  used.  The  construc- 
tion would  be  about  the  same  as  that  of  a  narrow  lean-to 
grapery.  In  this  kind  of  a  house  the  trees  are  generally 
trained  upon  the  north  wall.     With  proper  care  in  reg- 


184  GKEENHOUSE    CONSTRUCTIOHT. 

ulating  the  lieat  and  moisture,  and  in  ventilating,  fail 
results  will  be  obtained.  If  to  be  used  as  fruit-forcing 
houses,  the  three-quarter  span  house,  with  the  long  slope 
either  to  the  north  or  to  the  south,  can  also  be  used. 

While  some  growers  plant  the  trees  in  the  border, 
others  grow  them  in  pots  or  boxes,  and  are  then  able  to 
pack  the  trees  away,  and  use  the  house  for  other  pur- 
poses until  it  is  necessary  to  start  the  trees  in  the  winter 
or  spring.  In  narrow  houses  there  is  only  one  walk, 
the  trees  being  arranged  upon  either  side,  but  in  wide 
span  roof  houses,  although  this  arrangement  is  often 
made,  it  is  preferable  to  have  two  walks,  one  on  either 
side,  about  four  feet  from  the  walls,  thus  securing  the 
peak  of  the  roof  as  an  additional  space  for  tall  trees. 
When  there  is  a  walk  in  the  center  of  houses  over  fifteen 
feet  wide,  it  is  necessary  to  have  a  narrow  walk  upon 
either  side,  for  convenience  in  watering  and  caring  for 
the  plants. 

FIRE    HEAT. 

Even  when  only  used  as  growing  houses,  it  is  desir- 
able to  have  the  houses  jirovided  with  lieating  apparatus. 
While  dormant  it  frecpiently  happens  that  the  tempera- 
ture may  droj)  so  low  that  the  buds  will  be  injured, 
since,  as  a  rule,  the  buds  are  not  as  well  ripened  as  when 
grown  in  the  open  air,  and  will  be  more  susceptible  to 
cold.  It  is  after  the  buds  start,  however,  that  the  dan- 
ger of  injury  by  cold  is  greatest,  as,  if  the  temperature 
falls  below  the  freezing  point  while  the  trees  are  in 
bloom,  the  crop  will  be  lost  and  the  trees  greatly  injured. 

Although  steam  or  hot  air  flues  may  be  used  for 
heating,  hot  water  will  be  found  more  satisfactory.  The 
pi2:)ing  should  be  sufficient  to  keep  the  temperature  of 
the  house  at  forty-five  degrees  in  the  coldest  weathcj 
that  is  likely  to  occur  after  the  trees  are  started.  If 
peaches  or  other  fruits  are  to  be  forced,  they  should  be 
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started  as  soon  as  March  1,  and  the  forcing  may  com- 
mence as  early  as  January.  In  the  forcing  house  a  tem- 
perature as  high  as  fifty  or  fifty-five  degrees  at  night  is 
necessary  for  the  best  results,  and  in  estimating  the  radi- 
ation this  should  be  kept  in  mind. 


CHAPTER  XXVnL 

THE  ARRANGEMENT  OF    GREENHOUSES. 

When  a  large  number  of  houses  that  are  used  for 
different  purjjoses  are  to  be  combined,  considerable  skill 
is  necessary  in  order  to  secure  the  best  results.  The 
arrangement  dej^ends  largely  uj^on  the  kind  of  houses, 
as  well  as  their  size  and  shape,  and  as  there  are,  at  least, 
ten  or  a  dozen  houses  that  go  to  make  up  a  complete 
plant,  in  the  very  selection  of  the  houses  for  the  estab- 
lishment there  would  be  opiwrtunity  for  hundreds,  and 
even  thousands,  of  combinations.  We  have  outlined 
above  the  structural  jieculiarities  of  seven  or  eight  of  the 
more  important  houses,  and  have  elsewhere  described 
the  rose  house,  propagating  house,  forcing  house,  etc., 
and  now  offer  for  consideration  perspective  views  and 
ground  plans  of  greenhouse  establishments,  designed  by 
the  leading  horticultural  architects  and  builders  of  the 
country. 

The  first  illustration,- Fig.  100,  shows  a  part  of  the 
greenhouses  at  the  Michigan  Agricultural  College,  and 
in  Fig.  101  a  ground  plan  of  the  houses  is  shown.  This 
range  of  houses  is  not  an  elaborate  one,  but  it  is  well 
arranged,  and  in  connection  with  a  grapery  and  two 
forcing  houses  makes  a  fairly  complete  establishment. 
It  contains  a  palm  house,  or  conservatory,  fifty-eight  by 
twenty-five  feet,  a  stove  room  twenty-five  feet  square, 
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a  cool  liouse  of  the  same  size,  a  rose  room  eighteen  by 
twenty-five  feet,  two  propagating  (hot  and  cold)  honsea 
for  the  growing  of  bedding  plants,  each  twelve  by  fifty 
feet,  and  another  room  twenty-five  by  twenty-four  feet, 
that  is  used  as  occasion  demands.  The  workroom  is 
twenty-five  by  fifteen  feet,  and  is  over  the  heaters.  The 
gardener's  house,  as  shown  in  the"  illustration,  is  joined 
to  the  conservatory. 

The  houses  shown  in  perspective  were  erected  in 
1892,  by  Lord   &   Burnham  Co.,  and  are  of  their  iron 
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PIG.  101.       GROUND   PLAN    OF   MICHIGAN    AGRICULTURAI 
COLLEGE   GREENHOUSES. 

frame  construction,  with  all  outside  work  of  cypress. 
The  walks  are  of  cement,  the  tables  of  angle  iron  with 
gas  pipe  legs,  and  with  slate  tops  in  some  rooms  and  tile 
in  others.  The  houses  are  heated  by  a  No.  8  Furman 
hot  water  heater,  put  in  by  the  Ilorcndeen  Manufactur- 
ing Co.,  of  Geneva,  N.  Y.  The  method  of  constructing 
the  walls,  roof,  benches,  and  the  heatnig  coils  is  shown 
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in  Figs.  14,  17  and  2G,  except  that  the  coils  here  used 
are  double.  Each  room  is  pij^cd  independently,  and 
each  coil  is  so  arranged  that  heat  can  he  shut  off  in 
whole  or  in  part  from  one  room  Avithout  affecting  the 
others.  In  the  rear  of  the  new  greenhouses,  as  shown 
in  the  ground  plan,  are  three  other  houses,  that  were 
erected  some  fifteen  3'ears  ago.  They  are  entirely  con* 
Btructed  of  w^ood,  and  although  kept  well  painted,  are 
showing  signs  of  decay  in  some  places.  They  are  heated 
by  a  Spence  hot  water  heater,  and  the  radiating  surface 
is  supplied  by  two-inch  flow  pipes  and  one  and  one-half 
inch  returns. 

Similar  in  construction,  in  many  respects,  to  the 
new  greenhouses  described  above,  are  those  shown  in 
Fig.  102.  The  principal  difference  is  in  the  form  of  the 
roof  of  the  conservatory,  which  is  curvilinear,  and  in 
the  arrangement  of  the  growing  houses.  This  range 
was  erected  by  Thos.  W.  Weathered's  Sons,  at  New 
Dorp,  Staten  Island. 

A  larger  and  more  expensive  range  of  houses  is 
shown  in  Fig.  103.  The  ground  jjlan  of  these  houses  is 
illustrated  in  Fig.  101,  and  from  this  the  size  and  uses  of 
the  different  rooms  can  be  rscertained.  The  expense  of 
such  a  range  of  houses,  complete  with  iron  tables  and 
heating  apparatus,  will  not  be  far  from  116,000.  They 
were  erected  by  Hitchings  &  Co.,  of  New  York  City. 
The  range,  as  will  be  seen,  consists  of  an  elongated  hex- 
agonal palm  house  with  a  curvilinear  roof.  The  side 
walls  are  quite  high,  and,  with  the  pitch  of  the  roof, 
affords  room  for  growing  quite  large  plants.  From  each 
side  of  the  conservatory,  facing  east  and  west,  extend 
two  span  roof  growing  houses,  which  can  be  used  for 
stove  house,  cool  stove,  and  hot  and  cold  propagating 
houses,  or  houses  for  carnations  and  other  flowering 
plants.  At  the  end  of  the  north  houses  will  be  seen  a 
long  three-quarter  span  rose  house  and  a  large  work- 
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room.  The  method  of  construction  used  by  Hitohings 
&  Co.  is  not  particularly  different  from  the  one  used  by 
Lord  &  Burnham  Co.,  the  principal  difference  being 
that  the  former  generally  make  the  rafters  and  posts  in 
separate  pieces,  which  are  clamped  together  by  an  iron 
bracket   at  the  plate,  and  use  iron  gutters  and  eav# 


FIG.    106.       GROUND    PLAN     OF    LORD     &     BURNHAM    CO. 
RANGE. 

troughs,  while  the  latter  use  wooden  gutters,  and  forge 
the  posts  and  rafters  from  one  piece. 

If  anything  more  elaborate  is  desired,  it  can  be 
found  in  the  range  shown  in  Fig.  105,  the  ground 
plan  of  which  can  be  seen  in  Fig.  106.  It  was  designed 
and  erected  by  Lord  &  Burniiam  Co.,  at  Yonkers,  N.  Y., 
and,  as  will  be  seen  from  the  illustrations,  consists  of  au 
13 
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octagonal  curvilinear  conservatory  forty  hj  forty  feet, 
which  is  shown  in  cross  section  in  Fig.  91 ;  a  stove  or 
tropical  house,  with  a  curvilhicur  roof,  twenty-two  by 
seventy-four  feet.  Fig.  94 :  a  cool  house  twenty-two  by 


FIG.  107.     FORCiiSTG  HOUSE  {Section). 

thirty-seven  feet,  also  curvilinear;  a  span  roof  green* 
house  twenty  by  sixty-seven  feet;  a  forcing  house,  with 
a  three-quarter  span  roof,  eighteen  by  sixty-seven  feet, 


FIG.  108.     ROSE  HOTJSiB  {Section). 

Pig.  107 ;  an  even  span  orchid  house.  Fig.  96,  eighteed 
by  forty-five  feet ;  a  thrco-qnartor  span  rose  house.  Fig. 
108,  twenty  by  ninety-seven  feet ;  a  cool  vinery.  Fig.  99, 
♦iwenty-two  by  sixty  feet,  and  a  hot  vinery,  both  curvi- 
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linear,  twenty-two  by  fifty-two  feet,  besides  a  potting 
room  and  office. 

This  establishment  is  very  complete,  and  seems  to 
be  well  arranged.  If  plain  curvilinear  houses  are  de- 
sired, the  forms  shown  here  have  been  thoroughly  tested, 
and  have  been  found  quite  satisfactory. 


CHAPTER  XXIX. 

GLASS  STRFCTUKES    FOR  AMATEUES. 

Many  lovers  of  gardening,  who  are  restrained  from 
indulging  in  their  favorite  pastime  by  our  long  six 
months  of  winter,  would  gladly  erect  small  glass  stnic- 
tures  in  which  to  prosecute  many  of  the  lighter  opera- 
tions of  gardening,  but  are  deterred  by  what  they  imag- 
ine to  be  the  excessive  cost.  In  this  chapter  an  attempt 
will  be  made  to  outliue  methods  of  constructing  several 
forms  of  small  greenhouses  that  can  be  cheaply  erected, 
and  which  will  be  found  very  useful  and  entirely  satis- 
factory. Upon  many  town,  as  well  as  country  places, 
we  often  find  small  cold  frames,  or  cold  pits,  in  which 
half  hardy  plants  can  be  stored  through  the  winter,  and 
in  which  many  of  the  hardier  vegetable  and  budding 
plants  can  be  started  and  grown.  At  best,  they  are  of 
little  value  in  forwarding  plants  during  the  severe  parts 
of  the  winter,  and  are  far,  from  satisfactory  in  every  way. 

For  our  present  purpose  a  house  is  needed,  perhaps 
ten  by  fifteen  feet  in  area,  convenient  to  or  attached  to 
the  dwelling,  that  can  be  attended  to  in  all  weathers 
without  exposure,  and  that  can  be  cheaply  constructed 
and  maintained. 

ATTACHED     CONSERVATORIES. 

It  is  frequently  desirable  to  have,  in  connection 
with  the  dwelling,  a  room  enclosed  with  glass,  in  which 
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flowers  can  be  grown  or  exhibited.  The  large  structures 
that  are  sometimes  seen  do  not  diiier,  in  their  j^rincipal 
features,  from  detached  conservatories,  and  need  no  con- 
sideration here.  Although  the  best  results,  so  far  as 
the  growth  of  the  plants  is  concerned,  cannot  be  obtained 
in  a  lean-to  structure,  the  fact  that  small  conservatories 
can  be  placed  in  an  angle  of  the  dwelling,  where  the 
walls  of  the  house  will  form  the  end  and  rear  of  the  con- 


FIG.    109.      VERAISTDA    COJS^SERVATORY. 

servatory,  and  thus  greatly  reduce  the  cost  of  construc- 
tion, leads  to  their  use  when  the  first  outlay  is  consid- 
ered. These  attached  conservatories,  in  the  lean-to 
style,  may  vary  in  width  from  six  to  fifteen  feet,  but  if 
anything  wider  than  this  is  desired,  it  will  be  best  to 
have  detached  houses,  or  to  use  some  other  form  of  roof. 
The  simplest  kind  of  a  conservatory  of  tliis  style  is 
made  from  an  ordinary  veranda,  in  which  the  spaces 


ATTACHED     CONSERTATORIES. 


197 


between  the  side  posts  are  filled  in  ^ith  glass  sash. 
These  can  be  taken  out  in  the  summer,  if  desired,  and 
the  veranda  restored  to  its  ordinary  use.  By  the  addi- 
tion of  a  glaes  roof,  fur  better  results  can  be  obtained, 
however,  and  if  a  veranda  conservatory  is  to  be  built,  it 
W'ill  be  found  cheaper  than  a  wooden  or  a  tin  roof.  It 
should  be  eight  or  nine 
feet  wide,  to  secure  tlie 
best  results,  although  a 
veranda  five  feet  wide 
will  answer  as  a  con- 
servator}'. 

In  constructing 
these  veranda  conserva- 
tories. Fig.  109,  a  loca- 
tion on  the  south  side 
of  the  house  should  be 
selected,  as  a  rule,  al- 
though for  ferns  and 
similar  plants,  the  east, 
or  even  the  north  side 
i  s  preferable.  The 
framework  of  the  con- 
servatory should  be  j^ut 
up  in  a  permanent  man- 
ner, as  should  the  en- 
tire roof,  but  it  will  be 
sometimes  found  best,  ^^^t.  110.  veranda  cox- 
if  the  glass  in  the  side  -  servatory  {Section). 
and  ends  is  of  temporary  sashes,  so  aiTanged  that  they 
can  be  taken  out,  as  seen  in  cross  section,  Fig.  110.  The 
floor  should  be  at  the  same  height,  and  constructed  in 
the  same  manner  as  for  an  ordinary  veranda,  although  a 
cement  floor  may  be  used  if  desired.  In  case  a  wooden 
floor  is  used,  the  veranda  sliould  be  closed  in  below,  or 
ceiled  against  the  floor  joists. 
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If  designed  as  a  conservatory  for  flowers,  a  doorway 
in  the  wall  of  the  dwelling  should  be  arranged  in  the 
middle,  either  of  the  side  or  end,  and  in  case  the  con- 
servatory is  a  large  one,  it  will  be  convenient  to  have  an 
outer  door.  As  a  rule,  these  doors  should  be  opposite 
each  other.  It  is  also  an  excellent  plan  to  have  the  poi- 
tion  of  the  wall  of  the  house  adjoining  the  conservatory, 
of  glass.  The  posts  should  be  from  five  to  seven  feet 
high,  and  ])laccd  five  feet  six  inches  apart.  At  the 
height  of  two  feet  a  sash  sill  should  be  j)laced,  and  the 
space  beneath  should  be  filled  in  to  correspond  with  the 
finish  of  the  house.  The  v,  alls  of  the  veranda  above  this 
sill  may  be  of  permanent  sash  bars  and  glass,  or,  as  is 
better,  unless  it  is  to  be  used  as  a  conservatory  through- 
out the  year,  the  spaces  between  the  posts  may  be  filled 
in  with  glass  sash  that  can  be  taken  out  during  the 
summer. 

If  a  veranda  is  made  eight  feet  high  at  the  eaves, 
this  will  admit  of  the  placing  of  a  ventilating  sash  in 
the  front  wall,  but  in  low  structures  it  will  have  to  be 
placed  in  the  ]'oof.  The  conservatory  roof  should  have 
rafters  of  two  by  four  inch  cypress  running  from  each 
post  to  the  wall  of  the  house.  The  remaining  frame- 
work of  the  roof  will  consist  of  two  by  one  and  one- 
eighth  inch  sash  bars.  In  Fig.  110  is  shown  a  cross  sec- 
tion of  a  house  six  feet  wide,  from  which  the  details  for 
the  construction  of  the  walls  and  roof  can  be  ascertained, 
while  Fig.  109  gives  an  idea  of  the  exterior  appearance  of 
the  same  conservatory. 

If  the  amount  of  glass  exposed  is  not  too  large,  nec- 
essary heat  can  bo  supplied  from  the  adjoining  living 
room  for  so-called  cool  house  plants,  but  it  will  be  desir- 
able to  have  heat  directly  sujiplied  to  ihe  room.  Hot 
water  or  steam  heating  pipes,  arranged  as  in  Fig.  110, 
will  bo  desinible,  but  if  nothing  better  is  available,  one 
or  two  large   kerosene  heating  stoves  can  be  used,  pro- 
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Tided  pipes  are  arranged  to  carry  off  the  gases  of 
combustion. 

If  more  elaborate  structures  are  desired,  they  should 
be  of  a  style  that  will  correspond  with  that  of  the  resi- 
dence. The  location  at  the  corner  of  the  house,  as  seen 
in  Fig.  Ill,  is  desirable,  as  light  can  be  obtained  from 
three  sides,  and  better  results  can  be  obtained  than  in  a 
veranda  conservatory. 

DETACHED   GREENHOUSES  FOR  AMATEURS. 

It  frequently  happens  that  for  some  reason  it  is  not 
desirable  to  have  the  conservatory  attached  to  a  building, 
in  which  case  there  will  be  a  great  variety  of  structures 
from  which  to  select.     Here,  again,  the  lean-to  form 

will  be  found  a  cheap  one  to 
erect,  and  the  same  direc- 
tions apply  here  as  in  a  large 
house.  In  Eig.  112  is  pre- 
sented a  cross  section  of  a 
house  built  by  Chas.  Bar- 
nard, and  described  in  the 
American  Garden,  October, 
1890.  The  walls  were  built 
as  shown  in  the  engraving, 
sheathed  on  both  sides,  and 
with  a  layer  of  hair  felt 
inside.  A  cheaper  wall 
could  be  erected  by  double 
FIG.  112.  A  CHEAP  boarding  the  outside,  and 
HOUSE  {Seclio7i).  having    a    layer    of     heavy 

building  paper  between  the  boards.  The  outside  board- 
ing of  the  north  wall  extends  one  foot  above  the  roof, 
to  act  as  a  wind-break.  The  walls  measure  five  feet  six 
inches  outside,  and  the  roof  is  formed  of  hotbed  sash, 
the  joints  being  made  tight  with  battens.  Ventilation 
•s  secured  through  a  cupola  in  the  center  of  the  ridge. 


C^ 


PORTABLE    CONSERVATORIES.  201 

The  base  of  this  is  twelve  inches  square,  and  the  circu- 
lation of  air  is  controlled  by  a  damper,  as  will  be  seen 
from  the  engraving.  If  other  forms  of  houses  are 
desired,  they  will  only  be  miniatures  of  the  large  ones 
described  in  previous  chapters. 

PORTABLE    CONSERVATORIES. 

Several  builders  make  a  specialty  of  supplying 
houses  of  the  kind.  Fig.  113  shows  one  of  these  houses 
put  up  by  Hitchings  &  Co.,  and  in  Fig.  114  is  seen  the 
same  house  with  a  jiortion  of  the  sash  removed.  As 
w'ill  be  seen,  the  houses  are  built  with  an  iron  frame, 
similar  to  that  used  in  large  houses,  and  covered  with 
sash  that  can  be  very  quickly  put  in  place.  They  are 
supplied  with  hot  water  heating  apparatus,  and  ventilat- 
ing machinery.  Besides  being  j^ortable,  the  houses  are 
extensible,  and  another  section  can  be  added  with  little 
trouble  at  any  time.  A  house  eight  by  sixteen  feet,  with 
heating  and  ventilating  apparatus,  costs  about  $360.  It 
makes  a  very  durable  house.,  and  is,  in  eveiT  way,  first 
class. 

If  one  cannot  afford  so  expensive  a  house,  a  very 
satisfactory  conservatory  can  be  built  by  using  four  by 
four  inch  posts  for  the  walls,  set  four  feet  apart,  and 
with  every  other  post  four  feet  high,  the  others  being 
cut  off  at  tbe  height  of  two  and  one-half  feet ;  sash,  sills, 
plates,  end  rafters  and  ridge  pieces  can  be  obtained,  cut 
in  the  desired  shapes,  at  any  wood-working  factory,  or 
from  dealers  in  greenhouse  materials.  The  roof  may  be 
made  of  fixed  sash  bars  or  of  temporary  sash. 

The  heating  apparatus  for  a  narrow  house  will  cost 
from  four  to  five  dollars  per  linear  foot,  and  the  venti- 
lating apparatus  from  ten  to  fifty  cents,  according  to  the 
kind  used.  Tbe  lumber  can  be  estimated  at  about  $3.00 
per  linear  foot,  and  the  glass  will  not  be  far  from  $1.50 
per  foot,  while  the  labor  of  carpenters  and  painters  will 
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be  about  $2.50  per  foot,  or  a  total  of  $225  to  $250  for  a 
substantial  house  fifteen  by  twenty  feet,  with  heating 
apparatus  and  benches. 

THE    BASEMENT    PIT. 

There  are  some  objections  to  the  structure  to  which 
the  above  name  has  been  given,  the  princijial  ones  being 
that  it  is  somewhat  difficult  of  access,  that  it  is  incon- 
spicuous, and  that  the  plants  grown  there  do  not  give 
the  pleasure  they  would,  were  it  entirely  above  ground 
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FIG.    115.      GROUND   PLAN  OF  BASEMENT  PIT. 

and  sejiarated  from  one  of  the  living  rooms  by  a  glass 
partition.  The  points  claimed  for  the  basement  pit  are, 
that  it  is  very  easily  heated,  owing  to  the  comparatively 
small  area  of  exposed  glass,  and  its  cheapness  of  con- 
struction, and  every  one  of  the  objections  urged  against 
it  could  be  overcome  by  raising  the  structure  to  the 
ground  level  and  supplying  the  needed  glass  partition 
and  door. 

For  the  location,  it  is  best  to  select  the  south  side  of 
the  dwelling,  if  possible,  altliough  the  west,  or  east,  or  a 
point  between  would  answer.  If  it  can  be  situated 
where  a  cellar  Avindow  is  located,  all  the  better.  The 
wall  is  torn  away  so  as  to  afford  an  opening  three  feet 


THE   BASEMEXT    PIT. 


205 


wide,  in  wliicli  a  glass  door  should  be  placed.  The  exca- 
vation is  then  made,  and  the  wall  of  masonry  laid  up 
to  the  general  level  outside  (Fig.  115).  The  highest 
point  of  the  roof  should  be  located  four  feet  above  the 
top  of  the  foundation.  Four  by  six  inch  sills,  Fig.  IIC, 
(a)  should  then  be  put  down,  and  upon  these  four  by 
four  inch  posts  (5)  twenty  inches  high,  and  with  rabbets 
for  glass,  should  be  placed  at  the  corners  and  at  inter- 
vals of  five  feet  along  the  side 
and  ends.  The  two  by  five 
inch  plate  is  then  placed,  as 
seen  at  (c),  and  a  four  by  two 
inch  fascia  (d)  should  be  set 
into  the  tops  of  the  posts 
along  the  front,  and  two  by 
four  inch  rafters  (/)  should 
extend  from  the  top  of  the 
posts  to  the  wall  of  the  house, 
where  they  should  be  sup- 
ported by  a  four  by  one  inch 
ridge  board.  A  gutter  (e),  if 
desired,  will  complete  the  ex- 
terior of  the  structure,  with 
the  exception  of  the  sash  bars, 
purlins,  ventilators,  and  glaz- 


FIG 


11 G.       DETAILS   FOR 
BASEMENT    PIT. 

ing,  which  will  not  differ  from  the  same  parts  of  a  green- 
house. The  interior  arrangement  Avill  depend  upon  the 
uses  to  which  it  is  to  be  jmt.  The  doorway  may  be  in 
the  center  of  the  back  wall,  or,  better  yet,  about  three 
and  one-h.alf  feet  from  the  east  end.  If  desired,  a  flat 
table  (0)  three  feef  wide,  for  starting  cuttings  and  seed- 
lings, and  for  the  growing  of  vegetable  and  bedding 
plants,  cj'.n  extend  along  tlie  west  and  south  sides,  and 
on  the  east  (A)  and  north  (B)  sides  tiers  of  shelves  may 
be  placed,  on  which  the  larger  plants  can  be  arranged. 
The  amount   of   heat  recjuired  for  such  a  house  will 
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depend  considerably  upon  the  kinds  of  plants  to  be 
grown,  as  for  many  greenhouse  plants  a  temperature  of 
forty-five  to  fifty  degrees  is  ample  at  night,  and  if  it 
occasionally  drops  below  forty  degrees  no  harm  will  be 
done,  while  most  of  the  so-called  stove  plants  would  be 
injured  if  the  temperature  remains  below  sixty  degrees 
for  any  length  of  time.  If  the  pit  opens  into  a  large 
cellar,  particularly  if  it  contains  a  hot  air  furnace,  or 
other  heating  apparatus,  there  will  be  little  danger  of 
frost,  except  in  severe  cold  weather,  Arheu  an  oil  stove 
placed  in  the  room  will  be  all  that  is  necessary.     For 


FIG.    117.     CELLAR-WAY  CON-SERVATORT   {Perspective). 

stove  plants,  the  use  of  a  second  stove  in  severe  weather 
would  probably  be  required.  If  the  dwelling  is  heated 
by  hot  water  or  steam,  of  course  the  matter  of  heating 
would  be  very  simple,  and,  if  not,  the  next  most  satisfac- 
tory plan  will  be  to  use  a  small  hot  water  heater,  or  to 
obtain  heat  by  placing  a  coil  in  a  hot  air  fiirnace  and 
connecting  it  with  hot  water  heating  pipes  in  the  con- 
servatory. Directions  for  arranging  the  pipes,  etc.,  will 
be  found  in  the  chapter  on  Heating  Greenhouses. 

Where  only  a  small  cold  frame  or  hot  bed  is  wanted, 
it  can  be  arranged  jnst  outside  a  cellar  window.  If  a 
frame  four  by  two  feet  is  sunk  in  the  ground  and  covered 
with  a  hotbed  sash,  the  pit  thus  made  can  be  used  for 


THE    BASEMENT  PIT. 


20? 


growing  quite  a  variety  of  greenhouse  plants,  and  for 
starting  jjlants  in  the  spring.  In  severe  weather  a  light 
covering  may  be  required  to  keep  out  frost,  although  if 
the  cellar  contains  a  furnace  this  will  not  be  necessary, 
in  ordinary  winters,  except  in  the  colder  sections  of  the 
country.     A  writer  in  American  Garden  describes  a  cold 


FIG.    118.      CELLAR- WAY    CON"SERTATORY   {Section). 

pit  arranged  in  the  outside  cellar-way  of  a  house. 
The  doors  should  be  removed  and  replaced  by  hotbed 
saeh,  as  in  Fig.  117,  which  shows  the  appearance  of  the 
cellar-way  from  the  outside.  The  stairs.  Fig.  118,  can 
be  used  as  shelves  for  the  plants,  and  it  Avill  make  a  good 
place  for  wintering  any  half-hardy  plants.     By  the  use 
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of  shutters  and  mats  the  frost  can  be  kept  out,  even 
without  opening  the  inner  doors.  If  artificial  heat  can 
be  provided,  a  variety  of  plants  can  be  grown. 
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Illustrated.     40.S  pages.     5x7  inches.     Cloth.     .      .      .     $1.50 

Forage  Crops  Other  Than  Grasses 

By  TIIo^rAS  Shaw.  How  to  cultivate,  harvest  and  use 
them.  Indian  corn,  sorghum,  clover,  leguminous  plants,  crops 
of  the  brassica  genus,  the  cereals,  millet,  field  roots,  etc. 
Intensely  practical  and  reliable.  Illustrated.  287  pages.  5x7 
inches.     Cloth $1.00 

Soiling  Crops  and  the  Silo 

By  Thomas  Shaw.  The  growing  and  feeding  of  all  kipds 
of  soiling  crops,  conditions  to  which  they  are  adapted,  their 
plan  in  the  rotation,  etc.  Not  a  line  is  repeated  from  the 
Forage  Crops  book.  Best  methods  of  building  the  silo,  filling 
it  and  feeding  ensilage.  Illustrated.  364  pages.  5x7  inches. 
Cloth $1.50 

The  Study  of  Breeds 

By  Thomas  Shaw.  Origin,  history,  distribution,  charac- 
teristics, adaptability,  uses,  and  standaids  of  excellence  of  all 
pedigreed  breeds  of  cattle,  sheep  and  swine  in  America.  The 
accepted  text  book  in  colleges,  and  the  authority  for 
farmers  and  breeders.  Illustrated.  371  pages.  5x7  inches. 
Cloth $1.50 

Clovers  and  How  to  Grow  Them 

By  Thomas  Shaw.  This  is  the  first  book  published  which 
treats  on  the  growth,  cultivation  and  treatment  of  clovers  as 
applicable  to  all  parts  of  the  United  States  and  Canada,  and 
which  takes  up  the  entire  subject  in  a  systematic  way  and 
c  insecutive  sequence.  The  importance  of  clover  in  the  econ- 
omy of  the  farm  is  so  great  that  an  exhaustive  work  on  t1  is 
subject  ^'ill  no  doubt  be  welcomed  by  students  in  agriculture, 
r's  well  as  by  all  who  are  interested  in  the  tilling  of  the  soil. 
Illustrated.    5  x  7  inches.    337  pages.     Cloth.     Net    .      .     $1.00 
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